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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 


used herein: 


1. Life support devices or systems are those which (a) are 2. Acritical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support 
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness. 


vided with the product, can be reasonably expected to 
result in significant injury to the user. 
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INTRODUCTION 


SGS-THOMSON Microelectronics is a broad range semiconductor company. The product 
range includes memory products which satisfy the needs of a wide range of applications. They 
include: 


— Non-Volatile Memories: OTP Memories, UV EPROMs, FLASH Memories, Serial and 
Parallel EEPROMs and NVRAMs (battery backed SRAMs) 


— Synchronous and Asynchronous Fast SRAMs 


This databook provides comprehensive technical information on the Serial and Parallel Access 
EEPROM products. 


EEPROM 


Parallel Access Dedicated EEPROM 


Cs 
64K 


1K Serial 
Simplified 2 Wire Bus 


; = 1K Serial 
| Dual Mode 


— 46K Serial 
| Simplified 2 Wire Bus 


s 8K Serial 
| Secure !2C Bus 


= 16K Serial 
Secure |I2C Bus 


EEPROMs (Electrically Eraseable Programable Memories). 


The EEPROM may be erased and programmed byte-by-byte, giving it an added flexibility 
compared to FLASH Memory which must be erased in bulk or sector conditions. Two distinct 
families of EEPROM are Serial or Parallel Access types. The Serial Access EEPROMs feature 
low pin counts (typically they are packaged in 8 pin packages) and a lower range of densities 
from 256 bit up to 64K bit. The Parallel Access EEPROMs, needing external access to both 
parallel Address and Data lines, are packaged in multi-pin packages, typically 28 or 32 pin for 
64K density, and focus only on the higher memory densities from 16K bit upwards. 


EEPROMSs are widely used for storing equipment set-up parameters or data tables. The special 
CMOS process and cell designs used by SGS-THOMSON allows us to offer products with a 
very high endurance against wear-out that occurs after many erase/write cycles in this type of 
memory. Typically our EEPROMs are able to withstand 5 to 10 million cycles together with over 
10 years data retention. 


SGS-THOMSON has an extensive program of both process research and development and 
product design which results in many new product updates and introductions every year. Please 
contact your nearest Sales Office to learn about new products that have been introduced since 
this databook was published. 
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SERIAL ACCESS 1K (128 x 8) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 


a SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24 versions 
— 2.5V to 5.5V for ST25 versions 


» HARDWARE WRITE CONTROL VERSIONS: 
ST24W01 and ST25W01 


= TWO WIRE SERIAL INTERFACE, FULLY |?C 
BUS COMPATIBLE 


= BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


= PAGE WRITE (up to 8 BYTES) 


» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


# SELF TIMED PROGRAMMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


This specification covers a range of 1K bits I°C bus 
EEPROM products, the ST24/25C01, and the 
$124/25W01. In the text, products are referred to 
as S1T24/25x01, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver- 
sion. 


Table 1. Signal Names 


E0-E2 Chip Enable Inputs 
Serial Data Address Input/Output 
Serial Clock 


August 1994 
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PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24x01 
ST25x01 


MODE/WC* 


Al00839C 


Note: WC signal is only available for ST24/25W01 products. 
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Figure 2A. DIP Pin Connections 


ST24x01 
ST25x01 


7 }}] MODE/WC 


Al00840C 


Table 2. Absolute Maximum Ratings ™ 


Parameter 


ce Ambient Operating Temperature 


Storage Temperature 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10sec 260 
Vio 


Input or Output Voltages 


Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) (2) 
ESD 


Electrostatic Discharge Voltage (Machine model) (3) 


Figure 2B. SO Pin Connections 


ST24x01 
ST25x01 


Al00841D 


grade 1 
grade 6 


eta 
—0.3 to 6.5 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


The S1T24/25x01 are 1K bit electrically erasable 
programmable memories (EEPROM), organized 
as 128 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
10 years. The memories operate with a power 
Supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the I?C stand- 
ard, two wire serial interface which uses a bi-direc- 


tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the l2C bus defini- 
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 1K devices may be 
attached to the I2C bus and selected individually. 
The memories behave as a slave device in the I@C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
one bit and terminated by an acknowledge 
it. 
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Table 3. Device Select Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes “) 


Current Address Read a ae Xx 


Sequential Read 


Multibyte Write VI 


Notes: 1. X = Vin or Vit 
2. Multibyte Write not available in ST24/25W01 versions. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (See Figure 3). 


Chip Enable 


START, Device Select, RW ='0', Address, 


1 to 128 Similar to Current or Random Mode 


a i 
Random Address Read x = 
4’ 
a ian 
eh ed START, Device Select, RW = ’0 
4 = 


a ee 
Page Write ae ae ee 


$T24/25C01, ST24/25W01 


Initial Sequence 
START, Device Select, RW ="1’ 


reSTART, Device Select, RW = ’1’ 
START, Device Select, RW = ’0’ 
. A = 2?’ 


START, Device Select, RW 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi_ for Page 
Write mode. When unconnected, the MODE input 
is internally read as Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W01 and 
ST25W01 versions on pin 7. This feature is usefull 
to protect the contents of the memory from any 
erroneous erase/write cycle. The Write Control sig- 
nal is used to enable (WC = Vix) or disable (WC = 
Vit) the internal write protection. When uncon- 
nected, the WC input is internally read as Vic. 


7 3/15 
ky Sones ———————— 


13 


$T24/25C01, ST24/25W01 


SIGNAL DESCRIPTION (cont'd) 


The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera- 
tion, however all other write modes are fully sup- 
ported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
I?C Bus Background 


The $T24/25x01 support the [°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x01 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x01 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x01 
and the bus master. ASTOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x01 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x01, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an IC Bus 


Cpus (pF) 


Al01100 
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Table 5. Input Parameters “ (Ta = 25 °C, f = 100 kHz) 


[Paneer «| TestGonaiion [tan 
Se 
[cn | pu capecten oteronay dT 

00 


20 | Kn 


Cox 

= = 
) —_ 

— 

ene 


Vin <0. 
t Low-pass filter input time constant 
EP (SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Input Leakage Current OV <Vin< Vcc 


Output Leakage Current aN pce 
: Vcc = 5V, fo = 100k 
Supply Current (ST24 series) (Ris P a fone a0 


Supply Current (ST25 series) Vec = 2.5V, fc = 100kHz 


Vin = Vss or Vcc, 
Supply Current (Standby) Vec =5 
(ST24 series) a ere 
Voc = BV, fc = 100kHz 


Vin = Vss or Vec, 
Supply Current (Standby) Voec = 2.5V 
(ST25 series) 


Vin = Vss or Vec, pA 
Voc = 2.5V, fo = 100kHz 
V 


aut ich eiere SELON a Ven 


Input Low Voltage 03 
(EO-E2, MODE, WC) : 
Input High Voltage_ 
(E0-E2, MODE, WC) 
Output Low Voltage (ST24 series) lo. = 3mA, Vcc = 5V 
Output Low Voltage (ST25 series) lo. = 2.1mA, Vcc = 2.5V 


Voc — 0.5 
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Table 7. AC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 8V to 5.5V or 2.5V to 5.5V) 


Parameter 
i I 
i 
i i 


Symbol 


pat | Min 
pte | CockRiseTime | 
pte | Clock Rattime 
pte | imputiseTime 
pte | inputrravtime 00s 
| tevsta | 47 | 
| tho eed 
ee 
eal 


tcH1CH2 
tcLicL2 
tDH1DH2 
toL1DL1 


tcHDx (1) 


tsu STA Clock High to Input Transition 4.7 
tcHCL tHIGH Clock Pulse Width High 4. 
4 


tCLCH 
toxox 


tCHDH 


tOHDL 
tcLav 


tcLax 


Cc 
S 


f 
tn 
tw 


s 
— 


Notes: 1. For areSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 
maximum programming time ts doubled to 20ms. 


AC MEASUREMENT CONDITIONS DEVICE OPERATION (cont’d) 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I°C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
1K memories can be connected on the same bus 
giving a memory capacity total of 8K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, EO. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’’1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
Al00825 during the 9th bit time. 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 
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Figure 5. AC Waveforms 


SCL 
SDA IN 
tCHDX tCLDX 
M¢START>: i¢- SDA Pt SDA > “STOP & >: 
CONDITION INPUT CHANGE BUS FREE 
SCL 
SDA OUT 
SCL 
SDA IN 


‘<— STOP >< wR ITE CYCLE ——————“—_ START 
CONDITION CONDITION 


Al00795 
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Figure 6. I?C Bus Protocol 


“¢— START >: 
CONDITION 


Write Operations 


The Multibyte Write mode (only available on the 
$T24/25C01 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pinis at Vit. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ‘0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 7 bits (the Most 
Significant Bit is ignored) provides access to any of 
the 128 bytes of the memory. After receipt of the 
byte address the device again responds with an 
acknowledge. 


—- SDAP SDA > 
INPUT CHANGE 


¢- STOP > 
CONDITION 


STOP 
CONDITION 


Al00792 


For the ST24/25W01 versions, any write command 
with WC = 1 (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 9. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vit, to minimize the stand-by current. 
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Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A6- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 


Figure 7. Write Cycle Polling using ACK 
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Page Write. For the Page Write mode, the MODE 
pin must be at Vic. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
Starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW =0 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Figure 8. Write Modes Sequence (ST24/25C01) 


BYTE WRITE 


MULTIBYTE 


| | | 3 
AND DEV SEL BYTE ADDR DATA IN 4 DATA IN2 
PAGE WRITE ats 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tW) is given in 
the AC Characteristics table, since the typical time 
is shorter, the time seen by the system may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (See Figure 
7). 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 71). 


ACK ACK 


[eee | oe] 


ACK ACK 
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Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to ’1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
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Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W01) 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK 


PAGE WRITE 
(cont'd) 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 


NO ACK 


DEV SEL BYTE ADDR DATA IN 


NO ACK 


| | “r 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
a OS 


NO ACK 


za 
DATA INN i 
oud 
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ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the S$T24/25x01 wait for an acknowledge during the 
Oth bit time. If the master does not pull the SDA line 
low during this time, the St24/25x01 terminate the 
data transfer and switches to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEV SEL || | DATA OUT 
READ | 


NO ACK 


RANDOM 
ADDRESS 
READ 


ACK NO ACK 


SEQUENTIAL | [mare -er| 
CURRENT i DEV SEL | | | DATA OUT 1 DATA OUT N f 
READ | deo eet 

R/W 


A 


ACK AC CK ACK 
SEQUENTIAL | | | Fas 
READ | ad 


R/W R/W 


ACK NO ACK 


Beard 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24C01 
Operating Voltage Temperature Range|| Option 
24 3V to 5.5V —— Bat Standard B PSDIP8 1 Oto70°C TR Tape & Reel 
25 2.5Vt05.5V _W_ Hardware Corsa” 2 aap te ib5Rc nee 
Write Control M S08 6 —40to 85°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact S@4S-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS 2K (256 x 8) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 


= SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24x02 versions 
— 2.5V to 5.5V for ST25x02 versions 


» HARDWARE WRITE CONTROL VERSIONS: 
ST24W02 and ST25W02 


» TWO WIRE SERIAL INTERFACE, FULLY I@C 
BUS COMPATIBLE 


= BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 


=» PAGE WRITE (up to 8 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


= SELF TIMED PROGRAMMING CYCLE 
# AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH-UP 
PERFORMANCES 


DESCRIPTION 


This specification covers a range of 2K bits I@C bus 
EEPROM products, the ST24/25C02 and 
ST24/25W02. In the text, products are referred to 
as ST24/25x02, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver- 
sion. 


Table 1. Signal Names 


August 1994 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24x02 
ST25x02 


MODE/WC* 


Al00788C 


Note: WC signal is only available for ST24/25W02 products. 
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Figure 2A. DIP Pin Connections 


ST24x02 
ST25x02 


7 1] MODE/WC 


A!00789C 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


TstG Storage Temperature 


Figure 2B. SO Pin Connections 


ST24x02 
ST25x02 


Al00790D 


0 to 70 °C 
—40 to 85 


grade 1 
grade 6 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10sec 260 


Input or Output Voltages 


—0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 


Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Machine model) ©) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


The ST24/25x02 are 2K bit electrically erasable 
programmable memories (EEPROM), organized 
as 256 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
10 years. The memories operate with a power 
supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the I2C stand- 
ard, two wire serial interface which uses a bi-direc- 


tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I2C bus defini- 
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 2K devices may be 
attached to the I?C bus and selected individually. 
The memories behave as a slave device in the I?C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
ee bit and terminated by an acknowledge 
it. 
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Table 3. Device Select Code 


9124/25C02, ST24/25W02 


Device Code 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes “ 


Random Address Read 
4 +] 


Sequential Read 


Page Write 


Notes: 1. X = Vin or Vir 
2. Multibyte Write not available in ST24/25W02 versions. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (See Figure 3). 


ee 
je [le | hl | |e [| 
Poevcoscea [1 | o [1 [0 | e@ [= | co | aw 


| Mode | RWhit, | MODE | Bytes initial Sequence 
Current Address Read START, Device Select, RW ="1’ 
Za START, Device Select, RW ='0’, Address, 


1 to 256 Similar to Current or Random Mode 
Pe. 

a START, Device Select, RW = '0’ 
a ar i ee 


Chip Enable 


reSTART, Device Select, RW = '1’ 


1 
1 START, Device Select, RW = '0’ 
4 

START, Device Select, RW = '0’ 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E2 - EO). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Mode (MODE). The MODE inputis available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as a Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W02 and 
ST25W02 versions on pin 7. This feature is usefull 
to protect the contents of the memory from any 
erroneous erase/write cycle. The Write Control sig- 
nal is used to enable (WC = Vin) or disable (WC = 
Vit) the internal write protection. 
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SIGNAL DESCRIPTIONS (cont'd) 


The devices with this Write Control! feature no 
longer support the Multibyte Write mode of opera- 
tion, however all other write modes are fully sup- 
ported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
IC Bus Background 


The ST24/25x02 support the [°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x02 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x02 con- 
tinuously monitor the SDA and SCL signals for a 


START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x02 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x02 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x0e2, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


Figure 3. Maximum RL Value versus Bus Capacitance (Cpus) for an I7C Bus 


e 
— 
x 
oO 
E 
= 
om 


Cpus (PF) 
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Table 5. Input Parameters ™) (Ta = 25 °C, f = 100 kHz ) 


Input Capacitance (SDA) 
Input Capacitance (other pins) 


WC Input Impedance (ST24/25W02) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Test Condition 
Input Leakage Current OV < Vin< Vec 


Output Leakage Current a rts 


Vcc = 5V, fo = 100kHz 
(Rise/Fall time < 10ns) 


Vin = Vss or Vcc, 
Supply Current (Standby) Vec = 5V 
(ST24 series) 
Vin = Vss or Vcc, 300 
Vcc = 5V, fc = 100kHz 
5 
0 


LA 
(ST25 series) 
Vin = Vss or Vcc, 5 A 
Vec = 2.5V, fc = 100kHz H 
inputLow Volags(ScL.spa) | OSOStC~S~S 
Input High Voltage (SCL, SDA) 


( 
Input Low Voltage 
(EO-E2, MODE, WC) 
Input High Voltage _ 
(EO-E2, MODE, WC) 


Output Low Voltage (ST24 series) 


Vin = Vss or Voc, 
Supply Current (Standby) Vcc = 2.5V 
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Table 7. AC Characteristics 


(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


Symbol 


tbH1DH2 
tDL1DL1 


tcLav 


tF 
tr 
tr 
AA 
DH 
Ti 
WR 


Notes: 1. For areSTART condition, or following a write cycle. 


Pat | Parameter | Min 

a 

| tore | te | lock ratime | 00s 
| in| mputrisetime | 

a 

toe” | tousn | Olcktightoinpa Tension Sita 

| ton. | tucn | Olock Pulse Wiath High || 
[tor | twos | nputtow to Gocktow Sam) Sit |) 
| torox | tHooar | Clock LowtoInputTransion | | 

| torn | row | Clock Pulse wiethtow |? | 
toe | —tsvonr | input TiansitontoGooTransion ‘| as0 | 
[toon | tsusto | Clock High to inputHign (Stop) | 4? || 
tow. | tur | rputtigh o nput ow @usree) «ar? | 
Clock Low to Data Out Transition 
ee 
[—w® [iw [wietme ——SS~«iSC“‘i(W 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


A!00825 


DEVICE OPERATION (cont'd) 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I2C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, Ei, EO. Thus up to 8 x 
2K memories can be connected on the same bus 
giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, EO. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 
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Figure 5. AC Waveforms 


SCL _ 
SDA IN 
tCHDX tCLDX 
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“¢— DATA OUTPUT —> 

SCL 
SDA IN 


tCHDH 


i— STOP >< wR ITE CYCLE ——————“_ START > 
CONDITION CONDITION 
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Figure 6. I?C Bus Protocol 


M<— START > 
CONDITION 


Write Operations 


The Multibyte Write mode (only available on the 
$7T24/25C02 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pin is at Vic. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 


i¢- SDAP SDA > 
INPUT CHANGE 


i¢- STOP > 
CONDITION 


STOP 
CONDITION 


Alo0792 


For the ST24/25W02 versions, any write command 
with WC = 1 will not modify the memory content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vi_, to minimize the stand-by current. 
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Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 


Figure 7. Write Cycle Polling using ACK 
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Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ‘roll-over’ which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT 


READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


Al01099 


z 9/15 
Ky7 S&S;THOMSON _____'ip 


$T24/25C02, ST24/25W02 


Figure 8. Write Modes Sequence (S1T24/25C02) 


BYTE WRITE 


MULTIBYTE 


| | | a4 
AND DEV SEL BYTE ADDR DATA IN 1 DATA IN2 
PAGE WRITE ai 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
7). 


— Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


ACK ACK 


[eee [omer] 


ACK 
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Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to '1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 
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Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W02) 


BYTE WRITE 


PAGE WRITE 


Wc (cont'd) 


ACK 


PAGE WRITE 
(cont'd) 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 


ACK ACK 


[erevoon] [Toma] 


ACK ACK 


| | | © 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
ok 


R/W 


ACK 


[ox] 
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ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x02 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDAline 
low during this time, the ST24/25x02 terminate the 
data transfer and switches to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEV SEL DATA OUT 
READ ) | 


NO ACK 


RANDOM 
ADDRESS 
READ 


AC NO ACK 


ACK ACK K 
SEQUENTIAL | [mae or 
CURRENT Hl DEV SEL | | | DATA OUT 1 DATA OUT N fl 
READ | Gee. Sc 
= oO. 
RW 


CK 
F 


ACK ACK ACK A 
SEQUENTIAL | | | — 
RANDOM ; DEVSEL*| | BYTE ADDR i DEV SEL*| | |DATAOUT1| ! 
READ | -L. 
—. - 


R/W R/W 


ACK NO ACK 


Exar] 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24C02 M 


[Option 
24 3V to 5.5V Shee Standard B PSDIP8 1 Oto70°C TR Tape & Reel 
25 2.5Vto5.5V W_ Hardware OMENS: cat doto26 26 Ree 

Write Control M S08 6 —401t085°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


Drawing ts out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 miis body width 


h x 45° 


SO-a 


Drawing is out of scale 
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STA 7 SGS-THOMSON S124C04, ST25C04 


MICROELECTRONICS 


ST24W04, ST25W04 


SERIAL ACCESS 4K (512 x 8) EEPROM 


= { MILLION ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 


a SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24x04 versions 
— 2.5V to 5.5V for ST25x04 versions 


=» HARDWARE WRITE CONTROL VERSIONS: 
ST24W04 and ST25W04 


=» PROGRAMMABLE WRITE PROTECTION 

= TWO WIRE SERIAL INTERFACE, FULLY I2C 
BUS COMPATIBLE 

= BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

=» PAGE WRITE (up to 8 BYTES) 

« BYTE, RANDOM and SEQUENTIAL READ 
MODES 

= SELF TIMED PROGRAMMING CYCLE 

x AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


This specification covers a range of 4K bits IC bus 
EEPROM products, the ST24/25C04 and the 
ST24/25W04. In the text, products are referred to 
as S124/25x04, where "x" is: "C" for Standard 
version and "W" for hardware Write Control ver- 
sion. 


Table 1. Signal Names 


August 1994 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


E1-E2 


PRE ST24x04 
2a ST25x04 


MODE/WC* 


Al00851C 


Note: WC signal is only available for ST24/25W04 products. 
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Figure 2A. DIP Pin Connections 


ST24x04 
ST25x04 


7 [| MODE/WC 


Al00852C 


Table 2. Absolute Maximum Ratings “) 


Parameter 


| Ambient Operating Temperature 


Storage Temperature 


Input or Output Voltages 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 
(PSDIP8 package) 10sec 260 
Vio 


Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) ©? 
ESD 


Electrostatic Discharge Voltage (Machine model) 8) 


Figure 2B. SO Pin Connections 


ST24x04 
ST25x04 


Al01107C 


0 to 70 
—40 to 85 


~—65 to 150 


grade 1 
grade 6 


—0.3 to 6.5 


4000 


Fel[-K[s [e[e le 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 9). 
3. EIAJ IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


The ST24/25x04 are 4K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of one million erase/write cycles with a data 
retention of 10 years. The memories operate with 
a power supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the I¢C stand- 
ard, two wire serial interface which uses a bi-direc- 


tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the IC bus defini- 
tion. This is used together with 2 chip enable inputs 
(E2, E1) so that, up to 4 x 4K devices may be 
attached to the I°C bus and selected individually. 
The memories behave as a slave device in the I?C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
one bit and terminated by an acknowledge 
it. 
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Table 3. Device Select Code 


$T24/25C04, ST24/25W04 


Device Select 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes ") 


Current Address Read 


Random Address Read 


Notes: 1. X= Vinor Vit 
2. Multibyte Write not available in ST24/25W04 versions. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 


It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E1 - E2). These chip enable inputs 
are used to set the 2 least significant bits (b2, b3) 
of the 7 bit device select code. These inputs may 
be driven dynamically or tied to Vcc or Vss to 
establish the device select code. 


Protect Enable (PRE). The PRE input pin, in ad- 
dition to the status of the Block Address Pointer bit 
(b2, location 1FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as Viy (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W04 and 
ST25W04 versions on pin 7. This feature is usefull 
to protect the contents of the memory from any 
erroneous erase/write cycle. The Write Control sig- 
nal is used to enable (WC = Vin) or disable (WC = 
Vit) the internal write protection. 


a 3/15 
hy SSesse ——_—————— 


45 


$T24/25C04, ST24/25W04 


SIGNAL DESCRIPTIONS (cont'd) 


The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera- 
tion, however all other write modes are fully sup- 
ported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25x04 support the I?C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x04 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the S$T24/25x04 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by alow to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x04 
and the bus master. ASTOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x04 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x04, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


Figure 3. Maximum R. Value versus Bus Capacitance (Cus) for an IC Bus 


ie a ye 
pole Wate ie de 


g 
= 
x 
Oo 
= 
oy 
ac 


Cpus (PF) 
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Table 5. Input Parameters ) (Ta = 25 °C, f = 100 kHz ) 


~~ ae 
[eu |e nessa | 
[znee | We input npedancesreansvion | vnz0ave | 6 | 2 
i ane? cle tat Ta 


Low-pass filter input time constant 
(SDA and SCL) TOL fm fm 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Symbol TestCondition | min | Max | Unit _ 
— Input Leakage Current OV < Vin $ Vec ae 


OV < Vout < Vee 
: Voc = 5V, fo = 100kKHz 
lec Seer ee (Rise/Fall time < 10ns) pf ok | mm 


Supply Current (ST25 series) Voc = 2.5V, fc = 100kHz Pt] | 


Vin = Vgs or Vcc, 


100 
| Supply Current (Standby) Voc = 5V [4 0 
CC1 (ST24 series) yeaa 
IN = Vss Or Vcc, 


Vin = Vss or Vcc, 
Supply Current (Standby) Vec = 2.5V 
Be (ST25 series) 
Vin = Vgs or Voc, 
Voc = 2.5V, fc = 100kHz 
Vit Input Low Voltage (SCL, SDA) een ie 
V Input Low Voltage 
IL (E1-E2, PRE, MODE, WO) 


Output Low Voltage (ST24 series) lo. = 3mA, Vcc = 5V ese 
Output Low Voltage (ST25 series) lo. = 2.1mA, Voc = 2.5V Cw ol 
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Table 7. AC Characteristics 


(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 8V to 5.5V or 2.5V to 5.5V) 


toL1DL1 Input Fall Time 


300 


Clock High to Input Transition ea ee ea 


Input Low to Clock Low (START) 


Clock Low to Data Out Valid 


Clock Low to Data Out Transition 


| fe | fer __| Clock Frequency 


T Noise Suppression Time Constant 
(SCL & SDA Inputs) 


fc 


Notes: 1. For a reSTART condition, or following a write cycle. 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


Al00825 


DEVICE OPERATION (cont'd) 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
[°C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following 2 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1. Thus up to 4 x 4K 
memories can be connected on the same bus 
giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden- 


_tify the device code and compare the following 2 


bits to its chip enable inputs E2, E1. 


The 7th bit sent is the block number (one block = 
256 bytes). The 8th bit sent is the read or write bit 
(RW), this bit is set to ‘1’ for read and ’0’ for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 


SDA bus during the 9th bit time. 
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Figure 5. AC Waveforms 


tCHDX 


: tCLDX 


S¢START>: 
CONDITION 


SDA OUT 


M- SDA -P- SDA > 
INPUT CHANGE 
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Mt STOP & > 
BUS FREE 


‘— STOP >< RITE CYCLE —————>“— START > 


CONDITION 


Write Operations 


The Multibyte Write mode (only available on the 
$T24/25C04 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pin is at Vic. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to '0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to one block of 256 bytes of the memory. After 


CONDITION 


Al00795 


receipt of the byte address the device again re- 
sponds with an acknowledge. 


For the ST24/25W04 versions, any write command 
with WC = 1 will not modify the memory content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vit, to minimize the stand-by current. 
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Figure 6. I?C Bus Protocol 


“— START > 
CONDITION 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7- 
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 


i- SDA > SDA > 
INPUT CHANGE 


“- STOP >: 
CONDITION 


STOP 
CONDITION 


Al00792 


Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes as soon ‘as the first address of 
these 8 bytes is the first address of the row, the 7 
following bytes being written in the 7 following bytes 
of this same row. 


Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
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ory address bits (A7-A3) are the same inside one 
block. The master sends from one up to 8 bytes of 
data, which are each acknowledged by the mem- 
ory. After each byte is transfered, the internal byte 
address counter (3 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ‘roll-over’ which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. Allinputs are disabled until the comple- 
tion of this cycle and the memory will not respond 
to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. 


Figure 8. Write Cycle Polling using ACK 
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Figure 7. Memory Protection 


Protect Location 


8 byte Protect Flag 
boundary Enable = 0 
. address , Disable = 1_.- 


'b7 b3!b2 


Block 1 


' Block 0 
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WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Proceed ° 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Figure 9. Write Modes Sequence (ST24/25C04) 


BYTE WRITE 


MULTIBYTE 


| | | zy 
AND DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
PAGE WRITE “ke 


DEVICE OPERATION (cont'd) 


The sequence is as follows: 

— Initial condition: a Write is in progress (See Figure 
8). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will re- 
spond with an ACK, indicating that the memory 
is ready to receive the second part of the next 
instruction (the first byte of this instruction was 
already sent during Step 1). 


Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 1FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 1FFh) is set to ’0’. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 1FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 1FFh and 3 


ACK ACK 


[eon] Toma] 
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LSBs which are read as ’0’. This address pointer 
can therefore address a boundary in steps of 8 
bytes. 


The sequence to follow to use the Write Protected 
feature is: 


— write the data to be protected into the top of the 
memory, up to, but not including, location 1FFh; 


— set the protection by writing the correct bottom 
boundary address, into location 1FFh, with bit 
b2 (Protect flag) set to ’0’. 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 3 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 1F Fh, by 3 bytes. 
This does not apply to the Page Write mode as the 
address counter ’roll-over’ and thus cannot go 
above the 8 bytes lower boundary of the protected 
area. 
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W04) 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


ACK 


PAGE WRITE 
(cont'd) 


Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ’1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


ACK ACK 


[eel Loran 


ACK ACK 


| | | di 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
ak 


R/W 


ACK 


esctaol 
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Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 11. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Acd- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
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DEVICE OPERATION (cont'd) 


put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


Figure 11. Read Modes Sequence 


counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x04 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x04 terminate the 
data transfer and switches to a standby state. 


ACK NO ACK 
CURRENT | 
ADDRESS : DEV SEL DATA OUT i 
READ | 
tr or O 
RW 
< - 
5 ep) 
ACK ACK ACK NO ACK 
RANDOM | | | 
ADDRESS B DEV SEL*|, | BYTE ADDR i DEV SEL*| | | DATA OUT i 
READ | 
tr a fc a O 
cc RW or RW 9 
~ i i?) 
io) ”) 
ACK ACK ACK NO ACK 
SEQUENTIAL | [ht || 
CURRENT i DEV SEL | | | DATA OUT 1 DATA OUT N i 
READ | = wel 
fr a O 
< RW é 
5 ¢) 
ACK ACK ACK ACK 
SEQUENTIAL | | | |;--: 
RANDOM i DEVSEL*| | BYTE ADDR fl DATA OUT 1|! 
READ | -t. 
fr a fr 7 
RW RW 
= = 
“” Y”) 
ACK ° NO ACK 


aa 
DATA OUT N 
«d 


STOP 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24C04 M 1 
Operating Voltage Temperature Range | Option — | 
24 3V to 5.5V ee Standard B PSDIP8 1 Oto 70°C TR Tape & Reel 
25 2.5Vt05.5V  W_ Hardware PELE? Seis canto o5eC pore 
Write Control M SO8 6 -401085°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s".(FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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. PSDIP8 - & pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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$T24/25C04, ST24/25W04 


SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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ISA SGS-THOMSON 


$124C08, ST25C08 


8 ST24W08, ST25W08 


MICROELECTRONICS 


SERIAL ACCESS 8K (1K x 8) EEPROM 


=» { MILLION ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 


= SINGLE SUPPLY VOLTAGE: 
— 3V to 5.5V for ST24x08 versions 
— 2.5V to 5.5V for ST25x08 versions 


& HARDWARE WRITE CONTROL VERSIONS: 
ST24W08 and ST25W08 


=» PROGRAMMABLE WRITE PROTECTION 


= TWO WIRE SERIAL INTERFACE, FULLY I?C 
BUS COMPATIBLE 


a BYTE and MULTIBYTE WRITE (up to 8 
BYTES) 


=» PAGE WRITE (up to 16 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


= SELF TIMED PROGRAMMING CYCLE 
= AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


This specification covers a range of 8K bits I?C bus 
EEPROM products, the ST24/25C08 and the 
9124/25W08. !n the text, products are referred to 
as ST24/25x08, where "x" is: "C" for Standard 
version and "W" for Hardware Write Control ver- 
sion. 


Table 1. Signal Names 


|PRE | Write Protect Enable | 
PE | Chip Enable input 
|SDA___| Serial Data Address InpuvOutput_| 
|sc_____| SeriaiCtock 
a CT 
/Voo | Supply Voltage 
[vss | Ground 
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PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24x08 
ST25x08 


MODE/WC* 


Al00860C 


Note: WC signal is only available for ST24/25W08 products. 
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$T24/25C08, ST24/25W08 


Figure 2A. DIP Pin Connections 


ST24x08 
ST25x08 


7 [| MODE/WC 


Al00861C 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings “) 


Parameter 


Figure 2B. SO Pin Connections 


ST24x08 
ST25x08 


TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 


Storage Temperature 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10sec 260 
Vio 


Input or Output Voltages 


—0.3 to 6.5 


Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Machine model) 8) 


Electrostatic Discharge Voltage (Human Body model) (2) 
ESD 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


The ST24/25x08 are 8K bit electrically erasable 
programmable memories (EEPROM), organized 
as 4 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of one million erase/write cycles with a data 
retention of 10 years. The memories operate with 
a power supply value as low as 2.5V. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the I?C stand- 
ard, two wire serial interface which uses a bi-direc- 


tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I?C bus defini- 
tion. This is used together with 1 chip enable input 
(E) so that up to 2 x 8K devices may be attached 
to the I@C bus and selected individually. The memo- 
ries behave as a slave device in the IC protocol 
with all memory operations synchronized by the 
serial clock. Read and write operations are initiated 
by aSTART condition generated by the bus master. 
The START condition is followed by a stream of 7 
bits (identification code 1010), plus one read/write 
bit and terminated by an acknowledge bit. 
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Table 3. Device Select Code 


Device Select —- 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes “) 


Current Address Read 


Random Address Read = 


Notes: 1. X = Vin or Vit 
2. Multibyte Write not available in ST24/25W08 versions. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 


: Chip Block 


a ee 
a ae ee 


Initial Sequence 


START, Device Select, RW = '0’, Address, 
reSTART, Device Select, RW = 


$T24/25C08, ST24/25W08 


START, Device Select, RW = '1’ 


with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 3). 


Chip Enable (E). This chip enable input is used to 
set one least significant bit (b3) of the device select 
byte code. This input may be driven dynamically or 
tied to Vcc or Vss to establish the device select 
code. 


Protect Enable (PRE). The PRE input pin, in ad- 
dition to the status of the Block Address Pointer bit 
(b2, location 3FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE input is available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as a Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
(WC) feature is offered only for ST24W08 and 
ST25W08 versions on pin 7. This feature is usefull 
to protect the contents of the memory from any 
erroneous erase/write cycle. The Write Control sig- 
nal is used to enable (WC = Vin) or disable (WC = 
Vit) the internal write protection. When uncon- 
nected the WC input is internally read as VIL. 
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SIGNAL DESCRIPTIONS (cont'd) 


The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera- 
tion, however all other write modes are fully sup- 
ported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25x08 support the I@C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x08 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x08 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25x08 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x08 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x08, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


Figure 3. Maximum Ri Value versus Bus Capacitance (Cpus) for an I7C Bus 


200 


Cpus (PF) 


Al01100 
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Table 5. Input Parameters “ (Ta = 25 °C, f = 100 kHz ) 


[syntot [Parameter _———*|_Teet@ondion [win [war [ Unt 
| Gw | inputCapacitance (SDA) |i 
[ow [nat copactance ters) it Cid 
Zer| We tpt impedance sTeweswos) | _Wne0sves [8 | 

| curs 


( <0. 
ZwcH WC Input Impedance (ST24/25W08 Vin 2 0.7 Vec 


Cin 

Cin 

t Low-pass filter input time constant 
ai (SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


ee Input Leakage Current OV < Vin < Voc 


to Output Leakage Current ec 


Voc = 5V, fo = 100kHz 
(Rise/Fall time < 10ns) 


pe Supply Current (ST25 series) Voc = 2.5V, fc = 100kHz 


Vin = Vss or Voc, 
Supply Current (Standby) Voc = 5V aa 100 


Supply Current (ST24 series) 


Vin = Vss or Vcc, 
Voc = 5V, fo = 100kKHz 


Vin = Vss or Vcc, 
Supply Current (Standby) Voc = 2.5V 


(ST24 series) 
loca (ST25 series) 


Vin = Vss or Voc, 
Voc = 2.5V, fo = 100kKHz 


lit 
ILo 
loc 
Input Low Voltage__ 
(E, PRE, MODE, WC) a ee 
Input High Voltage__ o 
(E, PRE, MODE, WC) S| Meen08 | veces |v 
7, Output Low Voltage (ST24 series) lo. = 38mA, Vcc = 5V ; V 
OL 
Output Low Voltage (ST25 series) 
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Table 7. AC Characteristics 


(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 3V to 5.5V or 2.5V to 5.5V) 


Symbol 


toH1DH2 
tbL1DL1 


Notes: 1. For areSTART condition, or following a write cycle. 


pat | Parameter | Min 

te Clock Rise Time i 1 us 
| ta | InputfiseTime 

[te | mputraitime 


tr 

tr 

tr 

Clock Pulse Wieth High 

Input Low to Clock Low (START) 
tAA 
DH 


[ean | tm | Cocktowiodaaourveia —_———*+dt oa | a8 | as 
Tee | tor | toktow ata Out Terston it ato fe 
Se a a 


Noise Suppression Time Constant 


p tw | tw |wetetime ts 


Clock High to Input Transition par 


of 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 


maximum programming time is doubled to 20ms. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


Al00825 


DEVICE OPERATION (cont'd) 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
l°C bus definition. For these memories the 4 bits 
are fixed as 1010b. The following bit identifies the 
specific memory on the bus. It is matched to the 
chip enable signal E. Thus up to 2 x 8K memories 
can be connected on the same bus giving a mem- 
ory capacity total of 16K bits. After a START condi- 
tion any memory on the bus will identify the device 
code and compare the following bit to its chip 
enable input E. 


The 6th and 7th bits sent, select the block number 
(one block = 256 bytes). The 8th bit sent is the read 
or write bit (RW), this bit is set to 1’ for read and ’0’ 
for write operations. If a match is found, the corre- 
sponding memory will acknowledge the identifica- 
tion on the SDA bus during the 9th bit time. 
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Figure 5. AC Waveforms 


{CHDX 


: tCLDX 


“START: 
CONDITION 


SDA OUT 


M¢- SDA SDA > 
INPUT CHANGE 


9124/25C08, ST24/25W08 


M- STOP & >: 
BUS FREE 


¢— STOP > WRITE CYCLE ————_»“- START 


CONDITION 


Write Operations 


The Multibyte Write mode (only available on the 
ST24/25C08 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pin is at Vit. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to one block of 256 bytes of the memory. After 


CONDITION 


Al00795 


receipt of the byte address the device again re- 
sponds with an acknowledge. 


For the ST24/25W08 versions, any write command 
with WC = 1 will not modify the memory content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vi, to minimize the standby current. 


THOMSON. 
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Figure 6. I*C Bus Protocol 


“— START 
CONDITION 


Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem- 
ory. The transfer is terminated by the master gen- 
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A7- 
A3), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytes in the 
Multibyte Write mode may modify data bytes in an 
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i SDAP SDA > 
INPUT CHANGE 


i- STOP >: 
CONDITION 


STOP 
CONDITION 
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adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 following 
bytes of this same row. 


Page Write. For the Page Write mode the MODE 
pin must be at Vic. The Page Write mode allows 
up to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 4 most significant mem- 
ory address bits (A7-A4) are the same inside one 
block. The master sends from one up to 16 bytes 
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of data, which are each acknowledged by the mem- 
ory. After each byte is transfered, the internal byte 
address counter (4 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ‘roll-over’ which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. All inputs are disabled until the comple- 
tion of this cycle and the memory will not respond 
to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. 


Figure 8. Write Cycle Polling using ACK 
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Figure 7. Memory Protection 


Page Protect Flag 
. pointer Enable = 0 
. Disable = 1 .- 


b7 b4: iba 


ae nee ee ee ae XX 


Block 3 


Block 0 


Al01121B 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Operation is 


READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Figure 9. Write Modes Sequence (ST24/25C08) 


ACK ACK ACK 


[eve [omen 1. 


R/W 


BYTE WRITE 


ACK ACK ACK 


MULTIBYTE 


| poe 
AND DEV SEL BYTE ADDR DATA IN 1 DATA IN 2 
PAGE WRITE == 


DEVICE OPERATION (cont'd) 


The sequence is as follows: 
— Initial condition: a Write is in progress (See Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (ist byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 3FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 3FFh) is set to ’0’. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 3FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 3FFh and 4 


Al00793 


LSBs which are read as ’0’. This address pointer 
can therefore address a boundary in steps of 16 
bytes. 


The sequence to follow to use the Write Protected 
feature is: 


— write the data to be protected into the top of the 
memory, up to, but not including, location 3FFh; 


— set the protection by writing the correct bottom 
boundary address, into location 3FFh, with bit 
b2 (Protect flag) set to ’0’. 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 3FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter ’roll-over’ and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W08) 


ee re 


ACK NO ACK 


DEV SEL BYTE ADDR DATA IN 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK 


PAGE WRITE 
(cont'd) 


Read Operations 


Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


ACK NO ACK 


| | : 
DEV SEL BYTE ADDR DATA IN 1 DATA IN 2 
aL 


R/W 


NO ACK 


“a 
DATA IN N i 
aa 


Al01161 


Random Address Read. A dummy write is per- 
formed to load the address into the address counter 
(see Figure 11). This is followed by another START 
condition from the master and the byte address is 
repeated with the RW bit set to 1’. The memory 
acknowledges this and outputs the byte ad- 
dressed. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in, this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
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DEVICE OPERATION (cont’d) 


master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


Figure 11. Read Modes Sequence 


ACK 


CURRENT 
ADDRESS 


counter will ’roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x08 wait for an acknowledge during the 
Oth bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x08 terminate the 
data transfer and switches to a standby state. 


NO ACK 


[eer ser | Lesa, 
READ | 


RANDOM 
ADDRESS 
READ 


SEQUENTIAL 
CURRENT 


DEV } DEV SEL | DATA | DATA OUT 1 1 
READ om 


SEQUENTIAL 
RANDOM 
READ 


DEV SEL * 


oe NO ACK 


DATA OUT N A 


NO ACK 


DATA OUT 


NO ACK 


DATA DATA OUTN| N 


DEV SEL * 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24C08 M 


[option 
24 3Vto5.5V C re B PSDIP8 1 Oto70°C TR Tape & Reel 
25 2.5V to 5.5V W Hardware Deo TAME: B49 125°C raang 

Write Control M SO8 6 —40t0 85°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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ST24C16, ST25C16 
ST24W16, ST25W16 


SERIAL ACCESS 16K (2K x 8) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


a SINGLE SUPPLY VOLTAGE: 
— 4.5V to 5.5V for ST24x16 versions 
— 2.5V to 5.5V for ST25x16 versions 


=» HARDWARE WRITE CONTROL VERSIONS: 
ST24W16 and ST25W16 


= TWO WIRE SERIAL INTERFACE, FULLY [°C 
BUS COMPATIBLE 


=» BYTE and MULTIBYTE WRITE (up to 8 
BYTES) for the ST24C16 


=» PAGE WRITE (up to 16 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


This specification covers a range of 16K bits I@C 
bus EEPROM products, the ST24/25C16 and the 
$1T24/25W16. In the text, products are referred to 
as ST24/25x16 where "x" is: "C" for Standard ver- 
sion and "W" for hardware Write Control version. 


The S124/25x16 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. These are manufactured 
in SGS-THOMSON’s Hi-Endurance Advanced 


Table 1. Signal Names 


ee 
Serial Data Address Input/Output 


Multybyte/Page Write Mode 
Write Control (W version) 


Supply Voltage 


June 1994 


1 


PSDIP8 (B) 
0.25mm Frame 


SO14 (ML) 


Figure 1. Logic Diagram 


PBO-PB1 


PRE ST24x16 
a ST25x16 


MODE/WC* 
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Note: WC signal is only available for ST24/25W16 products. 


1/17 
75 


$124/25C16, ST24/25W16 


Figure 2A. DIP Pin Connections 


ST24x16 
ST25x16 


7 [| MODE/WC 
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Figure 2C. SO8 Pin Connections 


ST24x16 
ST25x16 
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DESCRIPTION (cont'd) 


CMOS technology which guarantees an endur- 
ance of one million erase/write cycles with a data 
retention of 10 years. The ST25x16 operates with 
a power supply value as low as 2.5V. Both Plastic 
Dual-in-Line and Plastic Small Outline packages 
are available. 


The memories are compatible with the I?C stand- 
ard, two wire serial interface which uses a bi-direc- 
tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I@C bus defini- 


Figure 2B. SO14 Pin Connections 


ST24x16. 
ST25x16 


Al00868C 


Warning: NC = No Connection 


tion. The memories behave as slave devices in the 
[°C protocol with all memory operations synchro- 
nized by the serial clock. Read and write operations 
are initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 block 
select bits, plus one read/write bit and terminated 
by an acknowledge bit. When writing data to the 
memory it responds to the 8 bits received by as- 
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it acknow- 
ledges the receipt of the data bytes in the same 
way. Data transfers are terminated with a STOP 
condition. 


Data in the 4 upper blocks of the memory may be 
write protected. The protected area is programma- 
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the input 
pins PBO, PB1. Protection is enabled by setting a 
Protect Flag bit when the PRE input pin is driven 
High. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 
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Table 2. Absolute Maximum Ratings 


TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 


Storage Temperature -65 to 150 


TLEAD Lead Temperature, Soldering (SO8 and SO14) 40 sec 215 °C 
(PSDIP8) 10 sec 260 


Input or Output Voltages —0.3 to 6.5 


Notes: 1. Except for the rating "Operating Temperature Range’, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 15000; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; EIAJ IC-121 (condition C) 


Table 3. Device Select Code 


es 
ew Pe fs Pe fe Te [| 
[oevcoseoa | 1 | 0 [1 [0 | ao | ms | me | aw 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


[toae [men [ woven [byes [titel Sequence 
re 
Tovewite ‘| oe | x | 1 | start, devco soma. rv 


Mutibyte Whit Tw [vm | 8 | START Device Sota, RW = 0 
Page Wit To [va | 18 | START, Deve Sctea, RW = 0 


Note: X = Vin or Vit. 


Random Address Read 
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SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input signal is used 
to synchronise all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (See Figure 3). 


Serial Data (SDA). The SDA signal is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Protected Block Select (PB0, PB1). PBO and PB1 
input signals select the block in the upper part of 
the memory where write protection starts. These 
inputs have a CMOS compatible input level. 


Protect Enable (PRE). The PRE input signal, in 
addition to the status of the Block Address Pointer 
bit (b2, location 7FFh as in Figure 7), sets the PRE 
write protection active. 


Mode (MODE). The MODE inputis available on pin 
7 (see also WC feature) and may be driven dynami- 
cally. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. When unconnected, the MODE input 
is internally read as Vin (Multibyte Write mode). 


Write Control (WC). An hardware Write Control 
feature is offered only for ST24W16 and ST25W16 
versions on pin 7. This feature is usefull to protect 
the contents of the memory from any erroneous 
erase/write cycle. The Write Control signal is used 
to enable (WC at Vin) or disable (WC at ViL) the 
internal write protection. When unconnected, the 
WC input is internally read as Vi_. The devices with 
this Write Control feature no longer supports the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 


Figure 3. Maximum RL Value versus Bus Capacitance (Ceus) for an I?C Bus 
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Table 5. Input Parameters ™ (Ta = 25 °C, f = 100 kHz ) 


[cu [ipacaadione so) 
[cm [put Capactanceoteronsy | 
zee [WE nputinodenceSToveswiey | vasaaves | 8 | 2 
zac [WE nputipoderce STaveswiey | Vw30.7 veo | 200 


Low-pass filter input time constant 
(SDA and SCL) ae ee = 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Input Leakage Current OV < Vin < Voc 


OV < Vout < Veco 
Output Leakage Current SDA in Hi-Z 
: Voc = 5V, fo = 100kKHz 
Supply Current (ST24 series) (Rise/Fall time < 10ns) 


Supply Current (ST25 series) Vec = 2.5V, fc = 100kHz Pt ma 


Vin = Vss or Vcc, 
Supply Current (Standby) Voc = 5V 


(ST24 series) 
Vin = Vss or Vcc, 3 
Voc = 5V, fo = 100kHz 


(ST25 series) 


Input Low Voltage (SCL, SDA) 
Input High Voltage (SCL, SDA) 


V Input Low Voltage a 
= (PBO - PB1, PRE, MODE, WC) 
Input High Voltage ae, zs 
(PBO - PB1, PRE, MODE, WC) be es 
V Output Low Voltage (ST24 series) lo. = 3mA, Vcc = 5V 
OL 
Output Low Voltage (ST25 series) 


00 
Vin = Vss or Vcc, 5 
Supply Current (Standby) Vcc = 2.5V 
0 


Vin = Vgs or Vcc, 5 
Voc = 2.5V, fo = 100kHz 
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Table 7. AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Notes: 1. For areSTART condition, or following a write cycle. 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant) 


the maximum programming time is doubled to 20ms. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


Alo0825 


DEVICE OPERATION 
l2C Bus Background 


The ST24/25x16 support the I?C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24/25x16 are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x16 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


6/17 
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Figure 5. AC Waveforms 


tCHDX tCLDX 


“¢START>: i SDA 4 SDA >: “- STOP & > 
CONDITION INPUT CHANGE BUS FREE 


tCLQX 


SDA OUT DATAVALID  } 


‘¢— DATA OUTPUT —> 


‘<— STOP > wr ITE CYCLE —————®“>_ START —>: 
CONDITION CONDITION 


Al00795 
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Figure 6. I?C Bus Protocol 


M— START 
CONDITION 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the S1T24/25x16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25x16 
samples the SDA bus signal on the rising edge of 


i- SDA SDA > 
INPUT CHANGE 


M¢- STOP >: 
CONDITION 


STOP 
CONDITION 


Al00792 


the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25x16, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifie the device type 
(1010), 3 Block select bits and one bit for a READ 
(RW = 1) or WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 
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Figure 7. Memory Protection 


Block 
Select 


Protect Location 


16 byte 
boundary 
. address 


Write Operations 


The Multibyte Write mode (only available on the 
ST24/25C 16 versions) is selected when the MODE 
pin is at Vin and the Page Write mode when MODE 
pin is at Vit. The MODE pin may be driven dynami- 
cally with CMOS input levels. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes of one memory block. 
After receipt of the byte address the device again 
responds with an acknowledge. 


For the ST24/25W16 versions, any write command 
with WC = ’1’ (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 10. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 


$124/25C16, ST24/25W16 


Protect Flag 
Enable = 0 
. Disable = 1_.- 


PB1 PBO 


Block 7 


Block 5 


Block 4 


Al00870B 


is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Vin 
or Vi, to minimize the stand-by current. 


Multibyte Write (ST24/25C16 only). For the Mul- 
tibyte Write mode, the MODE pin must be at Vin. 
The Multibyte Write mode can be started from any 
address inthe memory. The master sends from one 
up to 8 bytes of data, which are each acknowledged 
by the memory. The transfer is terminated by the 
master generating a STOP condition. The duration 
of the write cycle is tw = 10ms maximum except 
when bytes are accessed on 2 contiguous rows 
(one row is 16 bytes), the programming time is then 
doubled to a maximum of 20ms. Writing more than 
8 bytes in the Multibyte Write mode may modify 
data bytes in an adjacent row (one row is 16 bytes 
long). However, the Multibyte Write can properly 
write up to 16 consecutive bytes only if the first 
address of these 16 bytes is the first address of the 
row, the 15 following bytes being written in the 15 
following bytes of this same row. 
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Page Write. For the Page Write mode, the MODE 
pin must be at Vi_. The Page Write mode allows up 
to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the same Block Address bits 
(63, b2, b1 of Device Select code in Table 3) and 
the same 4 MSBs in the Byte Address. The master 
sends one up to 16 bytes of data, which are each 
acknowledged by the memory. After each byte is 
transfered, the internal byte address counter (4 
Least Significant Bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 


Figure 8. Write Cycle Polling using ACK 


being overwritten. Note that for any write mode, the 
generation by the master of the STOP condition 
starts the internal memory program cycle. Allinputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Operation is 
RANDOM ADDRESS 
READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


Al01099 
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The sequence is: 
— Initial condition: a Write is in progress (See Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is internally writing, no ACK 
willbe returned. The Master goes back to Step1. 
If the memory has terminated the internal writ- 
ing, it will issue an ACK indicating that the 
memory is ready to receive the second part of 
the instruction (the first byte of this instruction 
was already sent during Step 1). 


Write Protection. Data in the upper four blocks of 
256 bytes of the memory may be write protected. 
The memory is write protected between a boundary 
address and the top of memory (address 7FFh). 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 7FFh). 


This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 7FFh and 4 
LSBs which are forced to ’0’. This address pointer 
can therefore address a boundary in steps of 16 
bytes. 


The block in which the Block Address Pointer de- 
fines the boundary of the write protected memory 
is defined by the logic level on the PB1 and PBO 
inputs: 


Figure 9. Write Modes Sequence (ST24/25C16) 


BYTE WRITE 


MULTIBYTE 


| | | 5 
AND DEV SEL BYTE ADDR DATA IN 1 DATA IN 2 
PAGE WRITE = 


R/W 
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— PB1 =’0’ and PBO = ’0’ select block 4 
— PB1 =’0’ and PBO =’1’ select block 5 
— PB1 =’1’ and PBO = ’0’ select block 6 
— PB1 ='1’ and PBO =’1’ select block 7 


To use the Write Protected feature follow this se- 
quence: 


— write the data to be protected into the top of the 
memory, up to, but not including, location 7FFh; 


— select the block by hardwiring the signals PBO & 
PB1; 

— and set the protection by writing the correct 
bottom boundary address into location 7FFh. 


The area will now be protected when the PRE input 
is taken High. 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 7FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter ‘roll-over’ and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 


ACK ACK 


[evens] [onan 


ACK 


ACK 


“17]| | 
EERE 
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Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W16) 


BYTE WRITE 


PAGE WRITE 


wc (cont'd) 
NO ACK 


PAGE WRITE 
(cont'd) oa 


Read Operation 


Read operations are independent of the state of the 
MODE signal. On delivery, the memory content is 
set at all'"1’s" (or FFh). 


Current Address Read. The memory has an in- 
ternal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


ACK NO ACK 


DEV SEL BYTE ADDR DATA IN 


NO ACK 


| | ° 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
aL 


NO ACK 


"4 
DATA INN 
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Random Address Read. A dummy write is per- 
formed to load the address into the address counter 
(see Figure 11). This is followed by another START 
condition from the master and the byte address 
repeated with the RW bit set to 1’. The memory 
acknowledges this and outputs the byte ad- 
dressed. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
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Figure 11. Read Modes Sequence 


ACK 


CURRENT 
ADDRESS 
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NO ACK 


pares IL Leaace 
READ | 


RANDOM 
ADDRESS 
READ 


ACK 


SEQUENTIAL 
CURRENT 


SEQUENTIAL 
RANDOM 


R/W 


ACK NO ACK 


ExonJll 


LES TEESa” TERS 
READ | pest Le 
R/W 


ACK ACK ACK AC 
| | | |: 
[ DEV SEL * BYTE ADDR i DEV SEL * DATA OUT 1] ! 
READ | te 
— ke 


ACK ACK NO ACK 


ou 


O 
-E 
a” 


K 


R/W 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 


put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25x16 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x16 terminate the 
data transfer and switches to a standby state. 
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ORDERING INFORMATION SCHEME 


Example: ST24Ci6 M 1 
24 4.5V to 5.5V te A Standard ee PSDIP8 1 Oto 70°C TR Tape & Reel 
25 2.5V to 5.5V W Hardware O.25mmFrame = 3+ _40 to 125 °C maening 
Write Contro! M SO8 6 —40to85°C 
ML so14") 


Notes: 1. Not for new designs. 
3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP-a 


Drawing is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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$014 - 14 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH I2C BUS 16K (2K x 8) EEPROM 


=» COMPATIBLE with I?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


= 1 MILLION ERASE/WRITE CYCLES, with 
OVER 10 YEARS DATA RETENTION 


=» SINGLE SUPPLY VOLTAGE 
— 4.5V to 5.5V for ST24E16 version 
— 2.5V to 5.5V for ST25E16 version 
» WRITE CONTROL FEATURE 
=» BYTE and PAGE WRITE (up to 16 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


= ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 

The ST24/25E16 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. It is manufactured in 
SGS-THOMSON’s Hi-Endurance Advanced 
CMOS technology which guarantees an endur- 
ance of one million erase/write cycles with a data 
retention of over 10 years. The ST25E16 operates 
with a power supply value as low as 2.5V. 


Table 1. Signal Names 


EO - E2 Chip Enable Inputs 


Serial Data Address Input/Output 


Serial lock 
Supply Voltage 


Ground 


Vss 


January 1995 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24E16 
ST25E16 
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Figure 2A. DIP Pin Connections 


ST24E16 
ST25E16 
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Table 2. Absolute Maximum Ratings ™ 


Parameter 


Ambient Operating Temperature 


(SO8) 
(PSDIP8) 


Figure 2B. SO Pin Connections 


ST24E16 
ST25E16 


Al01104C 


grade 1 
grade 6 


Electrostatic Discharge Voltage (Human Body model) ® 


VEspD 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 1500Q; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; ElAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


Each memory is compatible with the I?C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E16 carry a built-in 4 bit, unique 
device identification code (1010) corresponding to 


the I?C bus definition. The ST24/25E16 behave as 
slave devices in the I@C protocol with all memory 
operations synchronized by the serial clock. Read 
and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 bits (identifi- 
cation code 1010), 3 bit Chip Enable input to form 
a 7 bit Device Select, plus one read/write bit and 
terminated by an acknowledge bit. 
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Table 3. Device Select Code 


Device Select 


Note: The MSB b7 is sent first. 


b7 
1 


Table 4. Operating Modes 


Current Address Read 


Sequential Read 
Byte Write 
Page Write 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 


Data transfers are terminated with a STOP condi- 

tion. In this way, up to 8 ST24/25E16 may be 

connected to the same I°C bus and selected indi- 

veualy allowing a total addressing field of 128 
it. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Initial Sequence 
START, Device Select, RW = '1’ 


rien 

ae ee 
es 
ee 
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START, Device Select, RW = ’0’ 
START, Device Select, RW = 0’ 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vin) or 
disable (WC at Vi.) the internal write protection. 
The devices with this Write Control feature no 
longer supports the multibyte mode of operation. 
When unconnected, the WC input is internally read 
as Vit (see Table 5). 


When WC = ’t’, Device Select and Address bytes 
are acknowledged; Data bytes are not acnowl- 
edged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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Figure 3. Maximum Ri Value versus Bus Capacitance (Cpus) for an I2C Bus, fc = 400kHz 


Cpus (PF) 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E16 support the extended addressing 
I°C protocol. This protoco! defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The ST24/25E16 
are always slave devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E16 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
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STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E16 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E16, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 
modes both for read and write. These are summaz- 
rised in Table 4 and described hereafter. Acommu- 
nication between the master and the slave is ended 
with a STOP condition. 
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Table 5. Input Parameters ™ (Ta = 25 °C, f = 400 kHz ) 


Symbol Test Condition | Min | Max | Unit 
C Input Capacitance (other pins) | 6 | pF | 


Pe pF 
Fic. _ 1) WG ineud impedancs incosve | See ke 
WC Input Impedance Vin 2 0.7 Voc cE a eS 
|| |e 


ZWCH 


Low-pass filter input time constant 
(SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


IN 
tLp 


Table 6. DC Characteristics 
(Ta = 0 to 70 ° or —40 to 85 °C; Vec = 4.5V to 5.5V or 2.5V to 5.5V) 


Symbol Test Condition 
Input Leakage Current 
(SCL, SDA, E0-E2) OV < Vin < Voc 
Output Leakage Current re ee 


Supply Current (ST24 series) fo = 400kHz 
Supply Current (ST25 series) (Rise/Fall time < 30ns) 


Vin = Vss or Vcc, 
CC = 


lu 
ILo 
Icc 


Supply Current (Standby) 100 


Ice (ST24 series) 


Vin = Vss or Vcc, 


Voc = SV, fo = 400kHz 300 


Vin = Vss or Vcc, 
Vec = 2.5V 


Supply Current (Standby) 
(ST25 series) 


loce2 
Vin = Vss Or Vcc, 
Voc = 2.5V, fc = 400kHz 


> ll lel ie 


ol 
ele 


Vit Input Low Voltage (E0-E2, WC) Po no fs | 
vn | pat tighvotageeo-e2. We) | ———S~*di ee 08 | Vos | 
Vo. OutbutLow Voltage (S724 series) | lo=3mAVec=sv_ | | 04 |v 
[output Low Votage(St25 sees) | lm wim vesn2sv | | oa | v_ 


o 
< 


V 
V 
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Table 7. AC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Symbol 
Clock Rise Time 


t 
t 


R 
tr 
R 
te 

AA 

H 


(1) 


| tee | te | Clock Fa Time 


I 
I 
W 


ce. | Whe tine 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


AC MEASUREMENT CONDITIONS DEVICE OPERATION (cont'd) 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b10,b9,b8 of the Most Significant Byte select one 
block among 8 blocks (one block is 256 bytes). 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 
Most Significant Byte 


|x | x | x | x | x | to] b9 | be | 


X = Don't Care. 


Least Significant Byte 


| b7 | be | bs | ba | bs | b2 | bt | bo 
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Figure 5. AC Waveforms 


tCHDX tCLDX 


“¢START>: i- SDA P= SDA > “STOP & > 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


i<— STOP > WRITE CYCLE ———————“€—- START 
CONDITION CONDITION 
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Figure 6. IC Bus Protocol 


‘— START > 
CONDITION 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
S1T24/25E16 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 8 blocks of 256 
bytes each. Writing in the ST24/25E16 may be 
inhibited if input pin WC is taken high. 


For the ST24/25E16 versions, any write command 
with WC = ‘1’ (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


i SDAP SDA > 
INPUT CHANGE 


i¢- STOP >: 
CONDITION 


STOP 
CONDITION 
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Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E16. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 16 bytes 
in the memory, that is the same Address bits (b10- 
b4). The master sends one up to 16 bytes of data, 
which are each acknowledged by the ST24/25E16. 
After each byte is transfered, the internal byte 
address counter (4 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ’roll-over’ which 
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could result in data being overwritten. Note that for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. All inputs are disabled until the comple- 
tion of this cycle and the ST24/25E16 will not 
respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E16 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given inthe 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 


Figure 7. Write Cycle Polling using ACK 


S1T24E16, ST25E16 


The sequence is: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E16 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. Ifthe ST24/25E16 have terminated the 
internal writing, it will issue an ACK. The 
S7T24/25E16 are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT 
with RW = 0 


Operation is 


READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


Al01099 
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Figure 8. Write Modes Sequence with Write Control = 0 


Gowran eee eee 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


ACK ACK 
[exe 


PAGE WRITE 
(cont'd) 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ‘ST24/25E16 have 
an internal 11 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to 1’. The ST24/25E16 acknowledge 
this and outputs the byte addressed by the internal 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


ACK ACK AC 
aes 
R/W 


K ACK 


ACK ACK ACK ACK 
| | | | vee 
DEV SEL BYTE ADDR| | BYTEADDR| | DATAIN 1 DATA IN 2 
oe 
RAW 
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Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to ‘1’. The 
$T24/25E16 acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
$1T24/25E16 continue to output the next byte in 
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Figure 9. Write Modes Sequence with Write Control = 1 


ie 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK NO ACK 


au 
DATA INN i 
al 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


ACK ACK ACK 
DEV SEL BYTE ADDR | | BYTE ADDR DATA IN 


NO ACK 


K NO ACK 


ACK ACK AC 
| | | ° 
DEV SEL BYTE ADDR | | BYTE ADDR | | DATAIN 1 DATA IN 2 
a SS 
R/W 
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counter will ‘roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E16 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E16 terminate 
the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT 
ADDRESS 
READ 


RANDOM 
ADDRESS 
READ 


ACK ACK ACK NO ACK 
SEQUENTIAL | [race oor] 
CURRENT i DEV SEL | | | DATAOUT 1 DATA OUT N fl 
READ | Jeu sal 
— a. 


R/W 


ACK ACK AC 
SEQUENTIAL | | | 
RANDOM DEV SEL*| | BYTE ADDR | | BYTE ADDR 
READ 


R/W R/W 


ACK NO ACK 


IESCSOTOHLE 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E16 M 
Operating Voltage weal | Package si Temperature Range | Option 
24 4.5V to 5.5V E Extended B PSDIP8 1 Oto 70°C TR Tape & Reel 
25 25V to 5.5V Addressing 0.25mm Frame 3* —40 to 125°C Packing 
M SO8 


6 -40 to 85°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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S7T24E32 
ST25E32 


SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH I2C BUS 32K (4K x 8) EEPROM 


= COMPATIBLE with I7C EXTENDED 
ADDRESSING 


ae TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


# 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 


=» 10 YEARS DATA RETENTION 
# SINGLE SUPPLY VOLTAGE 
— 4.5V to 5.5V for ST24E32 version 
— 2.5V to 5.5V for ST25E32 version 
# WRITE CONTROL FEATURE 
=» BYTE and PAGE WRITE (up to 32 BYTES) 
=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


= SELF TIMED PROGRAMING CYCLE 
s AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The S1T24/25E32 are 32K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 512 x 8 bits. The ST25E32 operates 
with a power supply value as low as 2.5V. Both 
Plastic Dual-in-Line and Plastic Small Outline pack- 
ages are available. 


Table 1. Signal Names 


WC 
Voec 


we | write control 
| Vec____| Supply Voltage 


Vss Ground 


January 1995 


PSDIP8 (B) 
0.25mm Frame 


SO8 (M) 
300mil Width 


Figure 1. Logic Diagram 


ST24E32 


S125E32 


A!01201B 
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Figure 2A. DIP Pin Connections 


ST24E32 
ST25E32 
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Table 2. Absolute Maximum Ratings ™ 


Symbol 


Parameter 


Figure 2B. SO Pin Connections 


ST24E32 
ST25E32 


Al01203C 


Value 


TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 


Storage Temperature 
Lead Temperature, Soldering 


(SO8) 
(PSDIP8) 


—65 to 150 


40 sec 
10 sec 


Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) ® 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 1500; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; EIAdJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


Each memory is compatible with the I°C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E32 carry a built-in 4 bit, unique 
device identification code (1010) corresponding to 
the I@C bus definition. The ST24/25E32 behave as 


slave devices in the I?C protocol with all memory 
operations synchronized by the serial clock. Read 
and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 bits (identifi- 
cation code 1010), 3 bit Chip Enable input to form 
a 7 bit Device Select, plus one read/write bit and 
terminated by an acknowledge bit. 


2/15 = 
——_—____—_______~— kyy Sic iicines 


112 


Table 3. Device Select Code 


ST24E32, ST25E32 


Device Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


= [*[~[se[=[e[e[s]w 
owes | fo f+ fel[els || w 


Chip Enable 


N 


| Mode | Rit | Bytes nitial Sequence 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 


Data transfers are terminated with a STOP condi- 

tion. In this way, up to 8 ST24/25E32 may be 

connected to the same I°C bus and selected indi- 

ord allowing a total addressing field of 256 
it. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vin) or 
disable (WC _at ViL) the internal write protection. 
When pin WC is unconnected, the WC input is 
internally read as Vi (see Table 5). 


When WC = '1’, Device Select and Address bytes 
are acknowledged; Data bytes are not acknow- 
ledged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Cpus) for an IC Bus, fc = 400kHz 


Re max (kQ) 


Cpus (PF) 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E32 support the extended addressing 
[°C protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The ST24/25E32 
are always slave devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E32 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by alow to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E32 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
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STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E32 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E32, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = O) operation. There are two 
modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. Acommu- 
nication between the master and the slave is ended 
with a STOP condition. 
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Table 5. Input Parameters "') (Ta = 25 °C, f = 400 kHz ) 


[tu [rputcapactane son) sd 
cn [put apactence hers 
ae 20 


IN 
IN 
ZWCH WC Input Impedance Vin 2 0.7 Voc 
tLe 


Low-pass filter input time constant 
(SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 4.5V to 5.5V or 2.5V to 5.5V) 


Symbol TestCondition | Min 
Input Leakage Current 
Solr esd et eee a pw 
Supply Current (ST24 series) fc = 400kHz ee 
Cc . ; 
Supply Current (ST25 series) eersal ole een) Pf toma | 


mA 

Vin = Vss or Voc, 
GG (ST24 series) 

Vin = Vss or Vcc, 300 WA 

‘ Voc = 5V, fe = 400kHz 

Vin = Vgs or Vcc, 5 yA 
Supply Current (Standby) Voc = 2.5V 
Ue (ST25 series) 

Vin = Vss or Vcc, pA 

Voc = 2.5V, fo = 400kHz 


I 
O 
Cc 
2, WC 


Output Low Voltage 


Output Low Voltage (ST25 series) 
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Table 7. AC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Symbol 
tr Clock Rise Time 


300 
300 


SDA Rise Time 
F SDA Fall Time 


a 
eo 
Te [soars 


Clock Low to Input Transition 


on 


Input Transition to Clock Transition 
twrR Write Time 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


20 
20 
100 
200 
200 


i 


n n” n 


zZ 
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AC MEASUREMENT CONDITIONS DEVICE OPERATION (cont'd) 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b11,b10,b9,b8 of the Most Significant Byte select 
one block among 16 blocks (one block is 256 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


bytes). 
Figure 4. AC Testing Input Output Waveforms Most Significant Byte 
x | x | x | x fot | oto | bo | bs | 
0.7VCC X = Don't Care 


0.3Vcc 


Least Significant Byte 


| 67 | b6 | 65 | bs | 63 | be | 1 | bo | 
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Figure 5. AC Waveforms 


tCHDX tCLDX 


“START? '¢- SDA = SDA > “STOP & >: 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


tCHDH 


‘¢— STOP —>¢——————. WRITE CYCLE —————“-_ START 
CONDITION CONDITION 
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Figure 6. I°C Bus Protocol 


‘<— START >: 
CONDITION 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to '0’. The 
$1T24/25E32 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 16 blocks of 256 
bytes each. Writing _in the ST24/25E32 may be 
inhibited if input pin WC is taken high. 


For the ST24/25E32 versions, any write command 
with WC = '1’ (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 


‘<¢- SDAP SDA > 
INPUT CHANGE 


‘<-STOP >: 
CONDITION 


STOP 
CONDITION 
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ST24/25E32. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 32 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b11 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the ST24/25E32. 
After each byte is transfered, the internal byte 
address counter (5 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ’roll-over’ which 
could result in data being overwritten. Note that for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
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gram cycle. This STOP condition will trigger an 
internal memory program cycle only if the STOP 
condition is internally decoded right after the ACK 
bit; any STOP condition decoded out of this "10th 
bit" time slot will not trigger the internal program- 
ming cycle. All inputs are disabled until the comple- 
tion of this cycle and the S1T24/25E32 will not 
respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E32 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 


Figure 7. Write Cycle Polling using ACK 


ST24E32, ST25E32 


The sequence is: 
— Initial condition: a Write is in progress (see Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E32 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E32 have terminated the 
internal writing, it will issue an ACK. The 
ST24/25E32 are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 


with RW = 0 


Operation is 
RANDOM ADDRESS 


READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of . 
the Instruction 
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Figure 8. Write Modes Sequence with Write Control = 0 


i cpgeeeme eeeoepenean eter 


BYTE WRITE 


PAGE WRITE 


We (cont'd) 


ACK ACK 


Teen) 


PAGE WRITE 
(cont'd) 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ST24/25E32 have 
an internal 12 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to’1’. The ST24/25E32 acknowledge 
this and outputs the byte addressed by the internal 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


| | | | Et wre 
DEV SEL BYTE ADDR | | BYTE ADDR} | DATAIN1 DATA IN 2 
AL. 
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Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to ’1’. The 
$1T24/25E32 acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
$124/25E32 continue to output the next byte in 
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Figure 9. Write Modes Sequence with Write Control = 1 


ACK ACK AC 
DEV SEL BYTE ADDR | | BYTE ADDR 
R/W 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK NO ACK 
ee | 
| 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


K NO ACK 


ACK ACK AC 
| | | © 
DEV SEL BYTE ADDR | | BYTE ADDR | | DATAIN 1 DATA IN 2 
awk 
RW 
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counter will ‘roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E32 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E32 terminate 
the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEV SEL DATA OUT 
READ | 


RANDOM 
ADDRESS DEV SEL * 
READ 


ACK NO ACK 


ACK ACK 
SEQUENTIAL | [rae er 
Se" GEE 
READ | es 2k 
— oO. 
RW 


SEQUENTIAL 
RANDOM DEV SEL * 
READ : 


ACK NO ACK 


Exar 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E32 M 1 
Operating Voltage Soule | Package Temperature Range 
24 4.5V to 5.5V E Extended B PSDIP8 1 Oto 70°C TR Tape & Reel 
25 25V to5.5V Addressing 0.25mm Frame 3* 4010 125°C Packing 
M S08 r 
300mil Width A 


Note: 3 * Temperature Range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 300 mils width 


SO8 


Drawing is out of scale 
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IZ, icROELECTROMCS ST25E64 


SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH l?C BUS 64K (8K x 8) EEPROM 


PRELIMINARY DATA 


= COMPATIBLE with I2?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


# 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 


= 10 YEARS DATA RETENTION 
» SINGLE SUPPLY VOLTAGE 1 
— 4.5V to 5.5V for ST24E64 version PSDIP8 (B) SO8 (M) 
— 2.5V to 5.5V for ST25E64 version 0.25mm Frame 300mil Width 
= WRITE CONTROL FEATURE 
= BYTE and PAGE WRITE (up to 32 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
= AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST24/25E64 are 64K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 1024 x 8 bits. The ST25E64 operates ST24E64 
with a power supply value as low as 2.5V. Both ST25E64 
Plastic Dual-in-Line and Plastic Small Outline pack- 
ages are available. 


Table 1. Signal Names 


[son | seta baa ass npg — 
|sc.__| SerialClock 
Wo | Write Control 
| Veo 
[ves 
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Supply Voltage 
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Figure 2A. DIP Pin Connections 


ST24E64 
ST25E64 
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Table 2. Absolute Maximum Ratings 


Parameter 


Storage Temperature 


TLEAD Lead Temperature, Soldering (SO8) 
(PSDIP8) 


Figure 2B. SO Pin Connections 


ST24E64 
ST25E64 
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grade 1 
grade 6 


Vio Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) }) 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. 100pF through 15002; MIL-STD-883C, 3015.7 
3. 200pF through 0Q; EIAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


Each memory is compatible with the I?C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E64 carry a built-in 4 bit, unique 
device identification code (1010) corresponding to 
the I?C bus definition. The ST24/25E64 behave as 


slave devices in the I@C protocol with all memory 
operations synchronized by the serial clock. Read 
and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 bits (identifi- 
cation code 1010), 3 bit Chip Enable input to form 
a 7 bit Device Select, plus one read/write bit and 
terminated by an acknowledge bit. 
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Table 3. Device Select Code 


et | tr 
Device Select 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read oe 


Sequential Read 
Byte Write 
Page Write 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 


Data transfers are terminated with a STOP condi- 
tion. In this way, up to 8 ST24/25E64 may be 
connected to the same I@C bus and selected indi- 
vidually, allowing a total addressing field of 512 
Kbit. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


itil SSauvence 
fe eel START, Device Select, RW = '1’ 


| 


ST24E64, ST25E64 


START, Device Select, RW = ’0’ 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (See Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vin) or 
disable (WC_at Vi) the internal write_protection. 
When pin WC is unconnected, the WC input is 
internally read as Vit (see Table 5). 


When WC = 1’, Device Select and Address bytes 
are acknowledged; Data bytes are not acknow- 
ledged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Cpus) for an I2C Bus, fc = 400kHz 


cl 
= 
x 
4) 
E 
. 
om 


Cpus (PF) 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E64 support the extended addressing 
[°C protocol. This protocol defines any device that 
sends data onto the bus as a transmitter and any 
device that reads the data as a receiver. The device 
that controls the data transfer is known as the 
master and the other as the slave. The master will 
always initiate a data transfer and will provide the 
serial clock for synchronisation. The ST24/25E64 
are always slave devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E64 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E64 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 


4/15 ky SGS-THO 
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STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E64 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E64, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up ofa 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 
modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. Acommu- 
nication between the master and the slave is ended 
with a STOP condition. 


MSON 
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Table 5. Input Parameters ™) (Ta = 25 °C, f = 400 kHz ) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = —40 to 85 °C or Oto 70 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


CC 


Supply Current (ST24 series) fo = 400kHz 
Supply Current (ST25 series) (Rise/Fall time < 30ns) 


bal 
man 
aa 
= 


Supply Current (Standby) 
(ST24 series) 


Vin = Vss or Vcc, 
Vcc = 5V, fc = 400kHz 
Vin = Vss or Vcc, 
Voc = 2.5V 
Vin = Vss or Vcc, 
Voc = 2.5V, fo = 400kKHz 
InputHigh Voltage (EO-E2,WC) | | Voo-0.5 | Voo+t | Vv 
Y, Output Low Voltage lo. = 3MA, Vcc = 5V ae a ee oe oe 
OL 

Output Low Voltage (ST25 series) lo. = 2.1MA, Vcc = 2.5V P| oe fv 


Supply Current (Standby) 
(ST25 series) 
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Table 7. AC Characteristics 
(Ta = —40 to 85 °C or 0 to 70 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


| Symbol | at | Parameter 

200 

200 

20 200 
| 

| tsvsta | 


SDA Fall Time 20 300 
tsu STA Clock High to Input Transition 
Clock Pulse Width High 


=] 


Clock Pulse Width Low aaa 


cc 
n 


c 
o 


=) a) 
” ” i?) ” 


) 
. 
200 
twrR Write Time 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


me] 
i¢) 


c 


=k _ 
(ee) wo 


aS 
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=) 
x 
a 
N 


— 

Oo 
: 
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AC MEASUREMENT CONDITIONS DEVICE OPERATION (cont'd) 

; Memory Addressing. A data byte in the memory 
npAPiseiane hal MMes Saris is addressed through 2 bytes of address informa- 
Input Pulse Voltages 0.2Vcc to 0.8Vec tion. The Most Significant Byte is sent first and the 


Least significant Byte is sent after. The Least Sig- 

nificant Byte addresses a block of 256 bytes, bits 

b12,b11,b10,b9,b8 of the Most Significant Byte 

ae one block among 32 blocks (one block is 256 
ytes). 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


Most Significant Byte 


x | x | x | bi2 | ott | p10 | bo | be _| 


X = Don't Care. 


Alo0825 Least Significant Byte 


| b7 | b6 | bs | b4 | 3 | b2 | bt | 20 | 
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Figure 5. AC Waveforms 


tCHDX ‘ tCLDX 


“STARTS: Mt- SDA -- SDA “- STOP & > 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT DATAVALID  } 


“¢— DATA OUTPUT —> 


“<— STOP >< wR ITE CYCLE —————“— START 
CONDITION CONDITION 
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Figure 6. I2C Bus Protocol 


“¢— START >: 
CONDITION 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST24/25E64 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 32 blocks of 256 
bytes each. Writing_in the ST24/25E64 may be 
inhibited if input pin WC is taken high. 


For the ST24/25E64 versions, any write command 
with WC = ’1’ (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 


M- SDAP SDA 
INPUT CHANGE 


“STOP >: 
CONDITION 


STOP 
CONDITION 
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$1T24/25E64. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 32 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b12 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the ST24/25E64. 
After each byte is transfered, the internal byte 
address counter (5 Least Significant Bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter ’roll-over’ which 
could result in data being overwritten. Note that for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
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gram cycle. This STOP condition will trigger an 
internal memory program cycle only if the STOP 
condition is internally decoded right after the ACK 
bit; any STOP condition decoded out of this "10th 
bit" time slot will not trigger the internal program- 
ming cycle. All inputs are disabled until the comple- 
tion of this cycle and the ST24/25E64 will not 
respond to any request. 


Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E64 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is givenin the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 


Figure 7. Write Cycle Polling using ACK 
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The sequence is: 

— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the Master issues a START condition 


followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E64 are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. Ifthe ST24/25E64 have terminated the 
internal writing, it will issue an ACK. The 
ST24/25E64 are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 


START Condition 


DEVICE SELECT 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


Al01099 
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Figure 8. Write Modes Sequence with Write Control = 


Le Sa 


ACK 


l DEV SEL BYTE ADDR | | BYTE ADDR DATA IN i 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


ACK ACK 


eset 


PAGE WRITE 
(cont'd) 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ST24/25E64 have 
an internal 13 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to 1’. The ST24/25E64 acknowledge 
this and outputs the byte addressed by the internal 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


0 
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Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to ’1’. The 
S1T24/25E64 acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E64 continue to output the next byte in 
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Figure 9. Write Modes Sequence with Write Control = 1 


——— et 


BYTE WRITE 


PAGE WRITE 


NO ACK 


“4 
DATA IN N i 
za 


NO ACK 


PAGE WRITE 
(cont'd) 


sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


NO ACK 


DATA IN 


K NO ACK 


ACK ACK AC 
| | | -r 
DEV SEL BYTE ADDR | | BYTEADDR| | DATAIN 1 DATA IN 2 
os 
R/W 
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counter will roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E64 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E64 terminate 
the data transfer and switch to a standby state. 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEV SEL || | DATA OUT 
READ | 


RANDOM 
ADDRESS 
READ 


NO ACK 


SEQUENTIAL er 
CURRENT DEV } DEV SEL. | DATA | DATA OUT 1| 1 locxournl OUT N 
READ dae nek 


R/W 


SEQUENTIAL 
RANDOM 
READ 


R/W 


NO ACK 


DATA OUT N fi 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E64 M 
Operating Voltage eal | Package —_—i| Temperature Range 
24 4.5V to 5.5V E Extended B PSDIP8 1 Oto 70°C TR Tape & Reel 
25 25V to5.5V Addressing 0.25mm Frame 3* —40 to 125°C Packing 
M SO8 , 
300mil Width 6 —40 to 85 °C 


Note: 3 * Temperature Range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 300 mils width 


Drawing is out of scale 
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ST24E256 
S1T25E256 


SERIAL ACCESS EXTENDED ADDRESSING COMPATIBLE 
WITH I?C BUS 256K (32K x 8) EEPROM 


= COMPATIBLE with I?C EXTENDED 
ADDRESSING 


=» TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 


=» 100,000 ERASE/WRITE CYCLES, OVER the 
FULL SUPPLY VOLTAGE RANGE 


# 10 YEARS DATA RETENTION 
= SINGLE SUPPLY VOLTAGE 
— 4.5V to 5.5V for ST24E256 version 
— 2.5V to 5.5V for ST25E256 version 
» WRITE CONTROL FEATURE 
=» BYTE and PAGE WRITE (up to 64 BYTES) 
=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


» SELF TIMED PROGRAMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24E256 and ST25E256 are 256K bit elec- 
trically erasable programmable memories 
(EEPROM), organized as 32,768 x 8 bits. The 
ST25E256 operates with a power supply value as 
low as 2.5V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 


Table 1. Signal Names 


[son | sera Data ese npg — 
psct_ | Serial Glock 
Wo | Wite onto 
NGG a 
[ves 


Supply Voltage 


January 1995 


This 1s preliminary information on a new product now in development Details are subject to change without notice 


PRODUCT PREVIEW 


Na 


| 1 


PSDIP8 (B) 
0.25mm Frame 


SO8 (M) 
300mil Width 


Figure 1. Logic Diagram 


ST24E256 


ST25E256 


Al01412 
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Figure 2A. DIP Pin Connections 


ST24E256 
ST25E256 
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Table 2. Absolute Maximum Ratings 


Symbol 


Storage Temperature 


VEsp 


Parameter 


TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 


TLEAD Lead Temperature, Soldering (SO8) 
(PSDIP8) 
2 or Output Voltages —0.3 to 6.5 
| Veo ‘| Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) © 


Electrostatic Discharge Voltage (Machine model) 


Figure 2B. SO Pin Connections 


ST24E256 
ST25E256 


Al01414 


Value 


Co 


40 sec 
10 sec 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents 
2. 100pF through 1500Q; MIL-STD-883C, 3015 7 
3. 200pF through 02; EIAJ IC-121 (condition C) 


DESCRIPTION (cont'd) 


Each memory is compatible with the I@C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The S124/25E256 carry a built-in 4 bit, 
unique device identification code (1010) corre- 
sponding to the IC bus definition. The 


ST24/25E256 behave as slave devices in the IFC 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 1010), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow- 
ledge bit. 
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Table 3. Device Select Code 


ST24E256, ST25E256 


Device Code 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes 


Current Address Read a a a ee 


Random Address Read ==_ 


Page Write 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. 


Data transfers are terminated with a STOP condi- 
tion. In this way, up to 8 ST24/25E256 may be 
connected to the same I®C bus and selected indi- 
vidually, allowing a total addressing field of 256K 
bytes. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNALS DESCRIPTION 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 


j= fw f«[s[«fefe fs |» 


| Mode | Wit nitial Sequence 


1 to 32,768 As CURRENT or RANDOM Mode 


Chip Enable 


START, Device Select, RW = 1’ 


START, Device Select, RW = ’0’, Address, 
reSTART, Device Select, RW ='1’ 


START, Device Select, RW = ’0’ 
START, Device Select, RW = 0’ 


resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3) 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL compatible. 


Write Control (WC). The Write Control feature 
WC is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control signal is used to enable (WC at Vin) or 
disable (WC _at Vi.) the internal write protection. 
When pin WC is unconnected, the WC input is 
internally read as Vit (see Table 5). 


When WC ='1’, Device Select and Address bytes 
are acknowledged; Data bytes are not acknow- 
ledged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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Figure 3. Maximum RL Value versus Bus Capacitance (Cpus) for an I?C Bus, fc = 400kHz 


Cpus (PF) 


DEVICE OPERATION 
I?C Bus Background 


The ST24/25E256 support the extended address- 
ing °C protocol. This protocol defines any device 
that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
ST24/25E256 are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E256 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25E256 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 


Al01115 


STOP condition at the end of a complete Write 
command triggers the internal EEPROM write cy- 
cle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24/25E256 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 


Device Selection. To start communication be- 
tween the bus master and the slave ST24/25E256, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device type, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 
modes both for read and write. These are summa- 
rised in Table 4 and described hereafter. Acommu- 
nication between the master and the slave is ended 
with a STOP condition. 
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Table 5. Input Parameters ™ (Ta = 25 °C, f = 400 kHz ) 


| Parameter | Test Condition | Min 
| Cw _| inputCapacitance(spay) | Cd 
| Cw | Input Capacitance (otherpins) | 
WC Input Impedance 5 20 


Low-pass filter input time constant 
(SDA and SCL) | jh pe 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 


(Ta = —40 to 85 °C or 0 to 70 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Input Leakage Current: 
(SCL, SDA, E0-E2) 
Output Leakage Current aoe 
Supply Current (ST24 series) fo = 400kHz 
Supply Current (ST25 series) Ulse lea mes SON) 
Vin = Vss Or Voc, 100 
Supply Current (Standby) Voc =5 
S724 series 
( Vin = Vss or Vcc, 300 
Voc = 5V, fo = 400kKHz 


Vin = Vss or Vcc, yA 
Supply Current (Standby) Voc = 2.5V 
(ST25 series) 


| 


Output Low Voltage (ST25 series) 


: 5/15 
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Table 7. AC Characteristics 
(Ta = —40 to 85 °C or 0 to 70 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Symbol | ait | Parameter 
| towow | ta | Clock Rise Time 
| tac | te | Clock Fall Time 


an 
| 
a 
aoa 
[soansetme Sd 
[soaratrine —SS*d | oe 
Tt? | tan | One oh io  Fanaion id 
[tae | two [te pee with gh io 
ta | tn | ut ow eokLow aH _—_—; coo 
[tae | twonr | ceLow icin Tanstin ‘|e 

( ) 


Toes | tae [put tight nputtow @us Free) [ta 
Toy | tw [chek Low toate outvans +200) vec | ns 
a 
a 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


20 

20 
00 
00 


tR 
tr 
tr 
tr 
AA 
DH 
WR 


AC MEASUREMENT CONDITIONS DEVICE OPERATION (cont'd) 


Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa- 
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig- 
nificant Byte addresses a block of 256 bytes, bits 
b14,b13,b12,b11,b10,b9,b8 of the Most Significant 
Byte select one block among 128 blocks (one block 
is 256 bytes). 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 


Most Significant Byte 
|X | b14 | bts | b12 | ptt | b10 | b9 | bs | 
X = Don't Care. 

Alo0825 Least Significant Byte 


_b7 | b6 | 65 | b4 | 3 | be | bt | b0 
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Figure 5. AC Waveforms 


tCHDX ‘ tCLDX 


“¢START>: “¢- SDA > SDA > M¢- STOP & >: 
CONDITION INPUT CHANGE BUS FREE 


tCLQX 


SDA OUT DATAVALID } 


“¢<— DATA OUTPUT —> 


‘<— STOP ><——_————-. wr ITE CYCLE ——————“~ START — 
CONDITION CONDITION 
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Figure 6. I7C Bus Protocol 


“¢— START >: 
CONDITION 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
$1T24/25E256 acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 128 blocks of 
256 bytes each. Writing in the ST24/25E256 may 
be inhibited if input pin WC is taken high. 


For the S124/25E256 versions, any write com- 
mand with WC = ’1’ (during a period of time from 
the START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 


i—- SDAP SDA >: 
INPUT CHANGE 


STOP > 
CONDITION 


STOP 
CONDITION 


Alo0792 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
$T24/25E256. The master then terminates the 
transfer by generating a STOP condition. 


Page Write. The Page Write mode allows up to 64 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 64 bytes 
in the memory, that is the same Address bits (b12 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the 
S7T24/25E256. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
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must be taken to avoid address counter ’roll-over’ 
which could result in data being overwritten. Note 
that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. This STOP condition will 
trigger an internal memory program cycle only if the 
STOP condition is internally decoded right after the 
ACK bit; any STOP condition decoded out of this 
"40th bit" time slot will not trigger the internal pro- 
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E256 will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E256 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 


Figure 7. Write Cycle Polling using ACK 
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AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. 


The sequence is: 
— Initial condition: a Write is in progress (See Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 


— Step 2: if the ST24/25E256 are internally writing, 
no ACK will be returned. The Master goes back 
to Step. If the ST24/25E256 have terminated 
the internal writing, it will issue an ACK. The 
$124/25E256 are ready to receive the second 
part of the instruction (the first byte of this in- 
struction was already sent during Step1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Figure 8. Write Modes Sequence with Write Control = 


CK ACK ACK ACK 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


ACK ACK 


37 | 
PAGE WRITE DATA IN N [ 
J 


(cont'd) < 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The ST24/25E256 have 
an internal 15 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to 1’. The ST24/25E256 acknow- 
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre- 
mented. The master does NOT acknowledge the 


0 
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byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to ’1’. The 
$124/25E256 acknowledge this and outputs the 
byte addressed. The master does NOT acknow- 
ledge the byte output, but terminates the transfer 
with a STOP condition. 
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Figure 9. Write Modes Sequence with Write Control = 1 


mae ||| 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK NO ACK 


"1 
DATA IN N i 
ad 


PAGE WRITE 
(cont'd) 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E256 continue to output the next byte in 
sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 


NO ACK 


DATA IN 


K NO ACK 


ACK ACK AC 
| | | “r 
DEV SEL BYTE ADDR | | BYTEADDR| | DATAIN 1 DATA IN 2 
et Oe 
R/W 
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ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ‘roll-over’? and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25E256 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E256 termi- 
nate the data transfer and switch to a standby state. 


: 11/15 
Ly SScleroxs 


153 


ST24E256, ST25E256 


Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEV SEL DATA OUT 
READ | 


RANDOM 
ADDRESS DEV SEL * 
READ 


AC NO ACK 


ACK ACK K 
SEQUENTIAL | [race oor] 
CURRENT i DEV sEL | | | DATA OUT 1 DATA OUT N i 
READ | Joo Set 

— Qa 


SEQUENTIAL 
RANDOM i DEV SEL * 
READ 


ACK NO ACK 


Exxon 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24E256 M 
Operating Voltage coal | Package Temperature Range 
24 4.5V to 5.5V E Extended B PSDIP8 1 Oto 70°C TR Tape & Reel 
295 25V to 5.5V Addressing 0.25mm Frame 3* 4010 125°C Packing 
M SO8 i 
300mil Width 6 —40 to 85 °C 


Note: 3 * Temperature Range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP$8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


Drawing is out of scale 
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S08 - 8 lead Plastic Small Outline, 300 mils width 


Drawing |s out of scale 
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ST93C06 
ST93C06C 


SERIAL ACCESS 


MICROWIRE BUS 256 bit (16 x 16 or 32 x 8) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


=» DUAL ORGANIZATION: 16 x 16 or 32 x 8 


» BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 


=» SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


=» READY/BUSY SIGNAL DURING 
PROGRAMMING 


= SINGLE 5V +10% SUPPLY VOLTAGE 
» SEQUENTIAL READ OPERATION 
» 5ms TYPICAL PROGRAMMING TIME 


» ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSION 


DESCRIPTION 


The ST93C06 and ST93CO6EC are 256 bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS- THOMSON ’s High Endurance 
single Polysilicon CMOS technology. In the text the 
two products are referred to as ST93C06. 

The memory is divided into either 32 x 8 bit bytes 
or 16 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 
The memory is accessed through a serial input (D) 
and by a set of instructions which includes Read a 
byte/word, Write a byte/word, Erase a byte/word, 
Erase All and Write All. A Read instruction loads the 
address of the first byte/word to be read into an 
internal address pointer. 


Table 1. Signal Names 


fo | Seraloaatnpat 
[fo |Seial baa spat 
[ico | Sweey Votage 
[iss feud 


February 1995 
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PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST93C06 


ST93C06C 


Al00816B 
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Figure 2A. DIP Pin Connections 


ST93C06 
ST93C06C 
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Warning: DU = Don't Use 


Table 2. Absolute Maximum Ratings “ 


Symbol 


Parameter 


Figure 2B. SO Pin Connections 


ST93C06 
ST93CO06C 


Al00818C 


Warning: DU = Don’t Use 


TA Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 -40 to 85 


Storage Temperature 


TLEAD Lead Temperature, Soldering (SO8 package) 
(PSDIP8 package) 


L 

Input or Output Voltages (Q = Vou or Hi-Z) }-0.3toVec +05 | Vv 

Vcc Supply Voltage —0.3 to 6.5 
2000 


Electrostatic Discharge Voltage (Human Body model) @) 
Vesp 
Electrostatic Discharge Voltage (Machine model) ® 


—65 to 150 


215 § 


—0.3 to Vcc +0.5 


40 sec 
10 sec 


ST93C06 
ST93CO06C 


ST93C06 
ST93C06C 


500 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 £2). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


The data contained at this address is then clocked 
out serially. The address pointer is automatically 
incremented after the data is output and, if the Chip 
Select input (S) is held High, the ST93C06 can 
output a sequential stream of data bytes/words. In 
this way, the memory can be read as a data stream 
from 8 to 256 bits long, or continuously as the 
address counter automatically rolls over to ’00’ 
when the highest address is reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 32 bytes or 16 words. After the 
start of the programming cycle a Busy/Ready signal 
is available on the Data output (Q) when Chip 
Select (S) is driven High. 


The design of the ST93C06 and the High Endur- 
ance CMOS technology used for its fabrication give 
an Erase/Write cycle Endurance of 1,000,000 cy- 
cles and a data retention of 10 years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V me \..-f.-- o0V 
Output Timing Reference Voltages 0.8V to 2.0V say 
Note that Output Hi-Z is defined as the point where data OUTPUT 

is no longer driven. Al00815 


Table 3. Capacitance ") 
(Ta = 25 °C, f=1 MHz ) 


Symbol Test Condition 
Input Capacitance 
Cout Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Voc = 5V + 10%) 


Symbol Test Condition 
dite Input Leakage Current OV <Vin< Voc 


OV < Vout < Vcc, 


hi 

ILo 

ia Supply Current (TTL Inputs) S = Vin, f = 1 MHz 
Supply Current (CMOS Inputs) S = Vin, f = 1 MHz 


cvouenisenn | Saaisae [| [om 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 5V + 10%) 


[symbol | ait | Parameter 
Input Valid to Clock High 


toiH_ | Clock High to Input Transition 


| tenar | too Clock High to Output Low 
Clock High to Output Valid 
Clock Low to Chip Select Low 


Test Condition 


Temp. Range: grade 1 


Temp. Range: 
grades 3, 6 200 


o1 
oO 
oO 


—. 
© 
© 


Oo 
io) 


=) 
” 


| tsucs |__| Chip Select Low to Clock High 
Note 1 
WP i 
SK 


=) 
n 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcxct + tcicH 
must be greater or equal to 1 ys. For example, if tcuct is 250 ns, then tc_c must be at least 750 ns. 


o1 
oO 
Oo 


3 
a 


= 
pa 
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Figure 4. Synchronous Timing, Start and Op-Code Input 


-OP CODE 


<—— START Se OF CODE INPUL. 


Al00819C 
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Figure 5. Synchronous Timing, Read or Write 


ST93C06, ST93C06C 


‘¢———- ADDRESS INPUT —————> “<¢————- DATA OUTPUT —— 


Alo0820C 


& tSLCH 


tSHQV—s tSLQZ 


“¢——— ADDRESS/DATA INPUT ———_ #———- WRITECYCLE ——— 


DESCRIPTION (cont'd) 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 


Al01429 


MEMORY ORGANIZATION 


The ST93C06 is organized as 32 bytes x 8 bits or 
16 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C06 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vcc 
in order to achieve the minimum power consump- 
tion. Any voltage between Vss and Vcc applied to 
ORG may increase the standby current value. 


= 5/14 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93C06 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 4 bits: some instructions use only the first two 
bits, others use all four bits to define the op-code. 
The op-code is followed by an address for the 
byte/word which is four bits long for the x16 organi- 
zation or five bits long for the x8 organization. 


Each instruction is preceded by the rising edge of 
the signal applied on the S input (assuming that 
clock C and data input D are low), followed by a 
first clock pulse which is ignored by the ST93C06 
(optional clock pulse for the ST93C06C). The data 
input D is then sampled upon the following rising 
edges of the clock C untill a 1’ is sampled and 
decoded by the ST93C06 as a Start bit. Even 
though the first clock pulse is ignored, it recom- 
mended to pull low the data input D during this first 
clock pulse in order to keep the timing upwardly 
compatible with other ST93Cxx devices. 


The ST93C06 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Table 6. Instruction Set 


Note: X = don’t care bit. 


Address joo Address joa 
(ORG = 0) (ORG = 1) 

| 15-00 
| EWEN | Erasemrite Enable | 0011 | XXXxx_| | XXXX_ 


ERAL Erase All Memory XXXXX aia XXXX 


Write All Memory 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C06 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy ’0’ bit is NOT output between bytes/words 
and a continuous stream of data can be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C06 enters the Disable mode. 
When the Erase/Write Enable instruction (EWEN) 
is executed, Write instructions remain enabled until 
an Erase/Write Disable instruction (EWDS) is exe- 
cuted or if the Power-on reset circuit becomes 
active due to a reduced Vcc. To protect the memory 
contents from accidental corruption, it is advisable 
to issue the EWDS instruction after every write 
cycle. The READ instruction is not affected by the 
EWEN or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to ’1’. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 


x8 Org 
Q7-Q0 A3-A0 


A3-A0 D15-D0 


A4-A0 


XXXX D15-D0O 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 


ST93C06, ST93C06C 


S | | 
I te An i 
eo riwratr3 OK 
pidabdLiscb Jibs 


2 OP —p>—— DATA OUT ————> 


CODE ADDR 


SY gee 


CHECK 


“1 sad he Fed a Saco law feels al STATUS 
fof] Aor zE 
J eLJI-LIOLASLIOL 


+>! OP —><———_ DATAIN ———> © BUSY > READY» 


CODE ADDR 


“rT 
if of ix xo| 
=t4 


> oP + 
CODE 


ERASE 
WRITE 
ENABLE 


Notes: 1. An: n = 3 for x16 org. and 4 for x8 org. 
2. Xn:n=3 for x16 org. and 4 for x8 org. 


If the ST93C06 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C06 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C06 is ready to receive a new instruction. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start the 


ERASE 
WRITE 


S) | | 
DISABLE 
“rt 
D fo 0-0 fxn xo| 
-Ul 


> oP + 
CODE 


Al00822D 


self-timed programming cycle. lf the ST93C06 is 
still performing the write cycle, the Busy signal (Q 
= Q) will be returned if S is driven high, and the 
ST93C06 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C06 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in- 
struction (The Write instruction includes an auto- 
matic erase cycle before programing data). 


- 7/14 
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Figure 7. ERASE, ERAL Sequences 


CHECK 
STATUS 


m7: 
fs apean nol 
ok 


' 
‘ 
4 
‘ 
' 
' 


>! OP + 2 “ BUSY >< READY> 
CODE ADDR 


“rT 
fo osfofxn X0 
wu 


W@- BUSY > READY >: 


Al00823B 


Notes: 1. An: n = 3 for x16 org. and 4 for x8 org. 
2. Xn:n=8 for x16 org. and 4 for x8 org. 


Figure 8. WRAL Sequence 


“rt “Far werrwewe 
D ie 0 fxr X0}Dn 
eid -~-LJ.L JL tk JIL 


| OP + +—— DATAIN —— > 
CODE ADDR 
DUMMY 


Al00824B 


Note: 1 Xn:n=3 for x16 org. and 4 for x8 org 
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Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to 1’). Adummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C06 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if S is driven high, and the ST93C06 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C06 is ready to receive 
a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat- 
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93CO06 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if S is driven high, and the ST93C06 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93CO06 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 


Figure 9. ST93C06 Timing 


Dummy Clock pulse 


ky pari edidara 
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memory when the Chip Select (S) is driven High. 
Once the ST93C06 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AQ) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion”. 


DIFFERENCES BETWEEN ST93C06 AND 
ST93C06C 


Each instruction of the ST93C06 requires an Addi- 
tional Dummy clock pulse after the rising edge of 
the Chip Select input (S) and before the START bit, 
see Figure 9. When replacing the ST93C06 with 
the ST93CO06C in an application, it must be 
checked that this Dummy Clock cycle DOES NOT 
HAPPEN when D = 1: if itis so, this clock pulse will 
latch an information which is decoded by the 
ST93CO06C as a START bit (see Figure 10) and the 
following bits will be decoded with a shift of one bit. 


START Bit 


Al01334 
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Figure 10. Comparative Timings 


WRONG 
TIMING 


For ST93C06: Dummy Clock pulse START Bit 


For ST93CO6C: START Bit Bit = 1 


GOOD 
TIMING 


For ST93CO06: Dummy Clock pulse START Bit 


For ST93CO06C: Nothing happens Bit = 1 
(waits for D = 1) 
Al01335 
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Figure 11. WRITE Swquence with One Clock Glitch 


Glitch 


DIFFERENCES BETWEEN ST93C06 AND 
ST93COEC (cont'd) 


The ST93C06C is an enhanced version of the 
ST93CO06A and offers the following extra features: 


— Enhanced ESD voltage 


— Functional security filtering glitches on the 
Clock input (C). 


Refer to Table 2 (Absolute Maximum Ratings) for 
more about ESD limits. The following description 
will detail the Clock pulses counter (available only 
on the ST93CO06C). 


In anormal environment, the ST93C06 is expected 
to receive the exact amount of data on the D input, 
that is the exact amount of clock pulses on the C 
input. 


In a noisy environment, the amount of pulses re- 
ceived (on the clock input C) may be greater than 
the clock pulses delivered by the Master (Microcon- 
troller) driving the ST93CO6C. In such a case, a 
part of the instruction is delayed by one bit (see 
Figure 11), and it may induce an erroneous write of 
data at a wrong address. 


ADDRESS AND DATA 


ARE SHIFTED BY ONE BIT 
Al01395 


The ST93C46C has an on-board counter which 
counts the clock pulses from the Start bit until the 
falling edge of the Chip Select signal. For the 
WRITE instructions, the number of clock pulses 
incoming to the counter must be exactly 18 (with 
the Organisation by 8) from the Start bit to the 
falling edge of Chip Select signal (1 Start bit + 2 bits 
of Op-code + 7 bits of Address + 8 bits of Data = 
18): if so, the ST93CO6C executes the WRITE 
instruction; if the number of clock pulses is not 
equal to 18, the instruction will not be executed 
(and data will not be corrupted). 


In the same way, when the Organisation by 16 is 
selected, the number of clock pulses incoming to 
the counter must be exactly 25 (1 Start bit + 2 bits 
of Op-code + 6 bits of Address + 16 bits of Data = 
25) from the Start bit to the falling edge of Chip 
Select signal: if so, the ST93C06C executes the 
WRITE instruction; if the number of clock pulses is 
not equal to 25, the instruction will not be executed 
(and data will not be corrupted). The clock pulse 
counter is active only on ERASE and WRITE in- 
Structions (WRITE, ERASE, ERAL, WRALL). 


“ 11/14 
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ORDERING INFORMATION SCHEME 


Example: ST93C06C M 1 013TR 


Temperature Range 


blank CMOS F3 B PSDIP8 fj 1 Oto 70°C 013TR Tape & Reel 
Tech. 0.4mm Frame 3* -40 to 125°C Packing 
es Mi 208 6 -401085°C 


Notes: 1. ST93C06CB1 is available with 0.25mm lead Frame only. 
3 * Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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fz SGS-THOMSON ST93C46A, ST93C46C 


STA 


MICROELECTRONICS 


ST93C46T 
SERIAL ACCESS 


MICROWIRE BUS 1K (64 x 16 or 128 x 8) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


=» DUAL ORGANIZATION: 64 x 16 or 128 x 8 


=» BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 


= SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


» READY/BUSY SIGNAL DURING 
PROGRAMMING 


# SINGLE 5V +10% SUPPLY VOLTAGE 
=» SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


=» ENHANCED ESD/LATCH UP 
PERFORMANCES for "C" VERSION 


DESCRIPTION 


This specification covers a range of 1K bit 
EEPROM products, the ST93C46A, ST93C46C 
and ST93C46T. In the text, products are referred 
to as ST93C46. The ST93C46 is a 1K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input (D) and output 
(Q). 


The 1K bit memory is divided into either 128 x 8 bit 
bytes or 64 x 16 bit words. The organization may 
be selected by a signal on the ORG input. 


Table 1. Signal Names 


ee 
ee 


February 1995 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST93C46A 
ST93C46C 


ST93C46T 


Al00871B 
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Table 2. Absolute Maximum Ratings ™ 
Symbol 
T Ambient Operating Temperature grade 1 0 to 70 
e grade 6 —40 to 85 


(SO8 package) 40 sec 215 
= package) 10 sec 260 
Electrostatic Discharge Voltage (Human Body model) = ST93C46A,T 2000 Vy 
Vesp ST93C46C rae ial 
DI ) 


ST93C46 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum list cecil 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 9). 


Figure 2A. DIP Pin Connections Figure 2B. SO, 90° Turn, Pin Connections 


ST93C46A 
ST93C46C 


ST93C46T 


Al00872B Al00982 


Warning: DU = Don't Use Warning: DU = Don’t Use 


Figure 2C. SO Pin Connections DESCRIPTION (cont'd) 


The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
ST93C46A All. 


le A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data is then clocked out serially. 


The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C46 can output a sequen- 
Al00874B tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
1024 bits long, or continuously as the address 
counter automatically rolls over to ’00’ when the 


Warning: DU = Don’t Use highest address is reached. 
2/12 : 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 


OUTPUT 


Note that Output Hi-Z is defined as the point where data migpets 


is no longer driven. 


Table 3. Capacitance “) 
(Ta = 25 °C, f = 1 MHz ) 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vec = 5V 410% 


) 


OV < Vout § Vcc, 
Supply Current (TTL Inputs) S = Vin, f= 1 MHz Pfam 
Supply Current (CMOS inputs) a a eS 


[ee [erovcmenomn | Satsigut [| [om 
| Vi | inputowvorage (cs) | | am 
| Vm | inputHighVottage (0,8) | Tk 
re a 
a 


lu 
ILo 
Icc 
VIL V 
lo. = 2.1mA : 
VoL Output Low Voltage 
‘ loy = 400uA 2.4 V 
i. ‘Nomantieniae | ton=—4oonn | ee | | 


. 3/12 
ky Sonera. 
177 


ST93C46A, ST93C46C, ST93C46T 


Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Voc = 5V + 10%) 


pat | Parameter 
Chip Select High to Clock High 
Clock Low to Chip Select High 


Test Condition 


Temp. Range: grade 1 


Temp. Range: 
grades 3, 6 


[oie set Low to Clock gh 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsu) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tcLcu 
must be greater or equal to 1 ps. For example, if tcc is 250 ns, then tc.cy must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 


“¢— START —>———._ OP CODE INPUT ———— 


Al01428 
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Figure 5. Synchronous Timing, Read or Write 


ST93C46A, ST93C46C, ST93C46T 


‘¢————— ADDRESS INPUT -————> —————— DATA OUTPUT ————— 


Al00820C 


¥ tSLCH 


tSHQV- tSLQZ -k 


“¢—- ADDRESS/DATA INPUT ———} #——— _ WRITE CYCLE ——» 


DESCRIPTION (cont'd) 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 128 bytes or 64 words. After 
the start of the programming cycle a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is High. 


An internal feature of the ST93C46 provides 
Power-on Data Protection by inhibiting any opera- 


Al01429 


tion when the Supply is too low. The design of the 
ST93C46 and the High Endurance CMOS technol- 
ogy used for its fabrication give an Erase/Write 
cycle Endurance of 1,000,000 cycles and a data 
retention of 10 years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test Sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 


5/12 
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MEMORY ORGANIZATION 


The ST93C46 is organised as 128 bytes x 8 bits or 
64 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C46 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vcc 
in order to get minimum power consumption. Any 
voltage between Vss and Vcc applied to ORG may 
increase the standby current value. 


POWER-ON DATA PROTECTION 


During power-up, A Power On Reset sequence Is 
run in order to reset all internal programming cir- 
cuitry and the device is set in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. 


INSTRUCTIONS 


The ST93C46 has seven instructions, as shown in 
Table 6. Each instruction is preceded by the rising 
edge of the signal applied on the S input (assuming 
that the clock C is low), followed by a’1’ read on D 
input during the rising edge of the clock C. The 
op-codes of the instructions are made up of the 2 
following bits. Some instructions use only these first 
two bits, others use also the first two bits of the 
address to define the op-code. The op-code is 
followed by an address for the byte/word which its 
made up of six bits for the x16 organization or 
seven bits for the x8 organization. 


Table 6. Instruction Set 


READ Read Data from Memory 


EWEN Erase/Write Enable 
EWDS Erase/Write Disable 


ERAL Erase All Memory 
WRAL Write All Memory with same Data 


Note: X = don't care bit. 


x8 Org x16 Org 
Description Op-Code | Address Address 
(ORG = 0) (ORG = 1) 


WRITE Write Data to Memory A6-A0 D7-D0 AS-AQ D15-D0 


ERASE Erase Byte or Word ed A6-A0 
00 O1XXXXX D7-DO 01XXXX D15-D0 


Remark: a rising edge of the Chip Select (S) when 
both inputs Clock (C) and Data Input (D) are high 
is also decoded as a Start bit. However, it is pref- 
erable not to use such a sequence. 


The ST93C46 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C46 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy ’0’ bit is NOT output between bytes/words 
and a continuous stream of data can be read. 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) freezes the execution of the following 
Erase/Write instructions. When power is first ap- 
plied to the ST93C46, Erase/Write is inhibited. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 


A6-A0 Q7-Q0 


11XXXXX 
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ST93C46A, ST93C46C, ST93C46T 


advisable to issue the EWDS instruction after every If the ST93C46 is still performing the write cycle, 
write cycle. the Busy signal (Q = 0) will be returned if S is driven 

ee high, and the ST93C46 will ignore any data on the 
The READ instruction is not affected by the EWEN bus. When the write cycle is completed, the Ready 


Sr WD» Instuelons: signal (Q = 1) will indicate (if S is driven high) that 
Erase the ST93C46 is ready to receive a new instruction. 
Write 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to 1’. Once the The Write instruction (WRITE) is followed by the 
address is correctly decoded, the falling edge of the address and the 8 or 16 data bits to be written. Data 
Chip Select input (S) starts a self-timed program- input is sampled on the Low to High transition of 
ming cycle. the clock. After the last data bit has been sampled, 


Figure 6. READ, WRITE, EWEN, EWDS Sequences 
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Notes: 1. An: n = 5 for x16 org. and 6 for x8 org. 
2. Xn: n = 4 for x16 org. and 5 for x8 org. 
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ST93C46A, ST93C46C, ST93C46T 


INSTRUCTIONS (cont'd) 


Chip Select (S) must be brought Low before the 
next rising edge of the clock (C), in order to start 
the self-timed programming cycle. If the ST93C46 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C46 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C46 
is ready to receive a new instruction. 


The Write instruction includes an automatic Erase 
cycle before writing the data, it is therefore unnec- 
essary to execute an Erase instruction before a 
Write instruction execution. 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to "1"). Adummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 


Figure 7, ERASE, ERAL Sequences 


instruction above. If the ST93C46 is still performing 
the write cycle, the Busy signal (Q = 0) will be 
returned if S is driven high, and the ST93C46 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93C46 is ready to 
receive a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction. 


The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. In the WRAL instruction, NO automatic 
erase IS made so all bytes/words must be erased 
before the WRAL instruction. If the ST93C46 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if S is driven high, and the ST93C46 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C46 is 
ready to receive a new instruction. 


CHECK 
STATUS 


J U L 


CHECK 
STATUS 


iy 
“rt ; 


0 0}1]0)Xn XO} : 
oll 


pi ADDR “ BUSY + READY > 


Notes: 1. An: n= 5 for x16 org. and 6 for x8 org. 
2. Xn: n= 4 for x16 org. and 5 for x8 org. 
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Figure 8. WRAL Sequence 


Note: 1. Xn: n= 4 for x16 org. and 5 for x8 org. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select is driven High. Once 
the ST93C46 is Ready, the Data Output is set to ’1’ 
until a new start bit is decoded or the Chip Select 
is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion". 


DIFFERENCES BETWEEN ST93C46A AND 
ST93C46C 


The ST93C46C is an enhanced version of the 

ST93C46A and offers the following extra features: 

— Enhanced ESD voltage 

— Functional security filtering glitches on the 
clock input (C). 


Refer to Table 2 (Absolute Maximum Ratings) for 
more about ESD limits. The following description 
will detail the Clock pulses counter (available only 
on the ST93C46C). 


ST93C46A, ST93C46C, ST93C46T 


CHECK 


“rT erarwrrsawricr STATUS 
D if alfolxn xo [Dr od 
wud eLJIoLJLIJOL ILL 


Al00880B 


In anormal environment, the ST93C46 is expected 
to receive the exact amount of data on the D input, 
that is the exact amount of clock pulses on the C 
input. 


In a noisy environment, the amount of pulses re- 
ceived (on the clock input C) may be greater than 
the clock pulses delivered by the Master (Microcon- 
troller) driving the ST93C46C. In such a case, a 
part of the instruction is delayed by one bit (see 
Figure 9), and it may induce an erroneous write of 
data at a wrong address. 


The ST93C46C has an on-board counter which 
counts the clock pulses from the Start bit until the 
falling edge of the Chip Select signal. For the 
WRITE instructions, the number of clock pulses 
incoming to the counter must be exactly 18 (with 
the Organisation by 8) from the Start bit to the 
falling edge of Chip Select signal (1 Start bit + 2 bits 
of Op-code + 7 bits of Address + 8 bits of Data = 
18): if so, the ST93C46C executes the WRITE 
instruction; if the number of clock pulses is not 
equal to 18, the instruction will not be executed 
(and data will not be corrupted). 


In the same way, when the Organisation by 16 is 
selected, the number of clock pulses incoming to 
the counter must be exactly 25 (41 Start bit + 2 bits 
of Op-code + 6 bits of Address + 16 bits of Data = 
25) from the Start bit to the falling edge of Chip 
Select signal: if so, the ST93C46C executes the 
WRITE instruction; if the number of clock pulses is 
not equal to 25, the instruction will not be executed 
(and data will not be corrupted). The clock pulse 
counter is active only on ERASE and WRITE in- 
structions (WRITE, ERASE, ERAL, WRALL). 
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ST93C46A, ST93C46C, ST93C46T 


Figure 9. WRITE Sequence with One Clock Glitch 


Glitch 


ADDRESS AND DATA 


ARE SHIFTED BY ONE BIT 
Al01395 


ORDERING INFORMATION SCHEME 
Example: ST93C46A M 1 O013TR 


Temperature Range 


A CMOS F8 Tech. B PSDIP8 1 Oto 70°C 013TR Tape & Reel 
C CMOS F4 Tech. 0.4mm Frame!” 3+ a0 to 125°C (A S eiee 
T CMOSF3Tech, ™ S08 6 -40 to 85°C ss Tape eee 
90° Turn pin out Packing 
(C version) 


Notes: 1. ST93C46CB1 is available in 0.25mm lead Frame only. 
3 * Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 
For alist of available options (Revision, Package etc...) refer to the the current Memory Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST93C46A, ST93C46C, ST93C46T 


PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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ST93C46A, ST93C46C, ST93C46T 


SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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3T93C56 


MICROELECTRONICS 


SERIAL ACCESS 


MICROWIRE BUS 2K (128 x 16 or 256 x 8) EEPROM 


= | MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


=» DUAL ORGANIZATION: 128 x 16 or 256 x 8 


=» BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 


=» SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


=» READY/BUSY SIGNAL DURING 
PROGRAMMING 


= SINGLE 5V +10% SUPPLY VOLTAGE 
=» SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
through a serial input (D). 


The memory is divided into either 256 x 8 bit bytes 
or 128 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 


The memory is accessed by a Set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. The address pointer is auto- 
matically incremented after the data is output and, 


Table 1. Signal Names 


[osetia 
fa | Seta data up 
‘aon 


Vss Ground 


February 1995 
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PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST93C56 
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Figure 2A. DIP Pin Connections 


ST93C56 


Al00882 


Warning: DU = Don’t Use 


Table 2. Absolute Maximum Ratings ™ 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Input or Output Voltages (Q = Vou or Hi-Z) —0.3 to Vcc +0.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) (2) 


000 
Electrostatic Discharge Voltage (Machine model) (3) 500 


Figure 2B. SO Pin Connections 


ST93C56 


Al00883B 


Warning: DU = Don’t Use 


grade 1 
grade 6 
65 10 150 
40 sec 215 °C 
10 sec 260 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


if the Chip Select input (S) is held High, the 
ST93C56 can output a sequential stream of data 
bytes/words. In this way, the memory can be read 
as a data stream from 8 to 2048 bits long, or 
continuously as the address counter automatically 
rolls over to 00’ when the highest address is 
reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 256 bytes or 128 words. After 


the start of the programming cycle, a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is driven High. 


The design of the ST93C56 and the High Endur- 
ance CMOS technology used for its fabrication give. 
an Erase/Write cycle Endurance of 1,000,000 cy- 
cles and a data retention of 10 years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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ST93C56 


AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns | 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data OUTPUT 

is no longer driven. Al00815 


Table 3. Capacitance “) 
(Ta = 25 °C, f= 1 MHz) 


Input Capacitance 


Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics - 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 5V + 10%) 


Iu 
Output Leakage Current Ov my Ne 
loc 


Supply Current (TTL Inputs) S = Vin, f = 1 MHz ll 
Supply Current (CMOS Inputs) S = Vin, f = 1 MHz aa 
InputHigh Votiage(0.0.8) | || cot | 


Output Low Voltage 


lon = 400nA 2 


pL 


Output High Voltage 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Voc = 5V + 10%) 


Temp. Range: grade 1 | too | | 
tCHDX toiH Clock High to Input Transition 
Temp. Range: 200 
grades 3, 6 


Miser | ty [enpseeatigioouuvaa | Sid 
SK 


t 

t 
20 | | 
Tw | tw [easemtiecyeeine | 
a 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ys, therefore the sum of the timings tcxct + tcLcn 
must be greater or equal to 1 ys. For example, if tcc is 250 ns, then tc.cu must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 


ST93C56 


¢————— ADDRESS INPUT —————> <¢————— DATA OUTPUT —————> 


Al00820C 


tSHQV—s tSLQZ 


BUSY 


“¢——— ADDRESS/DATA INPUT ———-_ “#———— WRITECYCLE ———> 


MEMORY ORGANIZATION 


The ST93C56 is organized as 256 bytes x 8 bits or 
128 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C56 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vcc 
in order to achieve the minimum power consump- 
tion. Any voltage between Vss and Vcc applied to 
ORG may increase the standby current value. 


Al00821B 


POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied, before 
applying any logic signal. 
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INSTRUCTIONS 


The ST93C56 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza- 
tion. Each instruction is preceded by the rising edge 
of the signal applied on the Chip Select (S) input 
(assuming that the clock C is low). The data input 
D is then sampled upon the following rising edges 
of the clock C untill a 1’ is sampled and decoded 
by the ST93C56 as a Start bit. 


Remark. Arising edge of Chip Select (S) when both 
inputs Clock (C) and Data Input (D) are high is also 
decoded as a Start bit. However, it is preferable not 
to use such a sequence. 


The ST93C56 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig- 
gered by the Low to High transition of the Clock (C). 
The ST93C56 will automatically increment the ad- 
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy ’0’ bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 


Table 6. Instruction Set 


tn] onion 


READ Read Data from Memory 
WRITE Write Data to Memory 


EWDS Erase/Write Disable 
ERASE Erase Byte or Word 


Write All Memory 


Notes: 1. X = don't care bit. 
2. Address bit A8 is not decoded by the ST93C56. 
3. Address bit A7 is not decoded by the ST93C56. 


Op-Code 
(ORG = 
Ce ee 


A8-A0 


a 
re ee 
erat | eeseartioney | 0» | rooaxvon | _ 


O01XXX XXXX D7-DO 01XX XXXX D15-D0 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C56 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to ’1’. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. ) 


If the ST93C56 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if Sis driven 
high, and the ST93C56 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C56 is ready to receive a new instruction. 
Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 


Tra0c00o | 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 
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Notes: 1. An: n = 7 for x16 org. and 8 for x8 org. 
2. Xn: n = 5 for x16 org. and 6 for x8 org. 


next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C56 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
S1T93C56 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C56 


ERASE 
WRITE 


a ne i 
DISABLE 
“rT 
D foo ofxn xo| 
wld 


a 
OP 
CODE 
Al00878C 


is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in- 
struction (The Write instruction includes an auto- 
matic erase cycle before programing data). 
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Figure 7. ERASE, ERAL Sequences 


'¢- ADDR! “- BUSY - READY > 


CODE 


‘ CHECK 
STATUS 


“TI: 
ie osfofxn xo| 
«Ld . 


'- ADDR! ~ BUSY > READY > 


CODE 
Al00879B 


Notes: 1. An: n = 7 for x16 org. and 8 for x8 org. 
2. Xn:n=5 for x16 org. and 6 for x8 org. 


Figure 8. WRAL Sequence 
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Note: 1. Xn:n=5 for x16 org. and 6 for x8 org. 


8/11 7a 
—t_____________ {yg $GS-THOMSON 
194 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to 1’). Adummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C56 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if S is driven high, and the ST93C56 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C56 is ready to receive 
a new instruction. 


Write All 


The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. If the ST93C56 is still performing the write 
cycle, the Busy signal (Q = 0) will be returned if S 
is driven high, and the ST93C56 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93C56 is ready to receive a new 
instruction. 


ORDERING INFORMATION SCHEME 


ST93C56 M 


Example: 


B PSDIP8 1 
0.4 mm Frame 


M S08 


Temperature Range 


0 to 70 °C 
3* —40 to 125°C 


ST93C56 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C56 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AQ) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion”. 


013TR 


013TR Tape & Reel 
Packaging 


6 —40to 85°C 


Note: 3 * Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh for x16, FFh for x8). 
For a list of available options (Package, Temperature Range etc...) refer to the the current Memory 


Shortform catalogue. 


For further information on any aspect of this device, 


to you. 


please contact SGS-THOMSON Sales Office nearest 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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ST93C66 
SERIAL ACCESS 


MICROWIRE BUS 4K (256 x 16 or 512 x 8) EEPROM 


e { MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


=» DUAL ORGANIZATION: 256 x 16 or 512 x 8 

a BYTE/WORD and ENTIRE MEMORY 
PROGRAMMING INSTRUCTIONS 

a SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

» READY/BUSY SIGNAL DURING 
PROGRAMMING 

a SINGLE 5V +10% SUPPLY VOLTAGE 

=» SEQUENTIAL READ OPERATION 

=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
through a serial input (D). 


The memory is divided into either 512 x 8 bit bytes 
or 256 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 


The memory is accessed by a Set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. 


Table 1. Signal Names 
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PSDIP8 (B) 


SO8 (M) 
0.4mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


ST93C66 


Al01253 


Warning: DU = Don’t Use 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Input or Output Voltages (Q = Vou or Hi-Z) 


(SO8 package) 
(PSDIP8 package) 


C 
C 
Supply Voltage —0.3 to 6.5 
r Electrostatic Discharge Voltage (Human Body model) @) 7000 V 
ESD 
Electrostatic Discharge Voltage (Machine model) 1000 


Figure 2B. SO Pin Connections 
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Warning: DU = Don’t Use 


[vaue | nit 
0 to 70 
—40 to 85 


ae 


grade 1 
grade 6 


40 sec 
10 sec 


215 
260 


rere ey 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the S@S-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 ). 
3. EIAJ IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C66 can output a Sequen- 
tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
4096 bits long, or continuously as the address 
counter automatically rolls over to 00’ when the 
highest address is reached. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 512 bytes or 256 words. 


After the start of the programming cycle, a 
Busy/Ready signal is available on the Data output 
(Q) when Chip Select (S) is driven High. 


The design of the ST93C66 and the High Endur- 
ance CMOS technology used for its fabrication give 
an Erase/Write cycle Endurance of 1,000,000 cy- 
cles and a data retention of 10 years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vcc or 
Vss. Direct connection of DU to Vss is recom- 
mended for the lowest standby power consump- 
tion. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data OUTPUT 

is no longer driven. Al00815 


Table 3. Capacitance ™ 
(Ta = 25 °C, f = 1 MHz) 


T symbot [Parameter (| TestCondion [win [tan 
Ton [inpacapactace «twee | 
ae 2 a 


Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 5V +10%) 


Input Leakage Current OV< Vins Vcc 


< ae 
OV < Vout < Vcc, 
— 


Supply Current (TTL Inputs) S = Vin, f = 1 MHz 
Supply Current (CMOS Inputs) S = Vin, f = 1 MHz 


societal hela! GAG “Ves or Vow 
InputLow voltage (0.0.8) | | 08 | 
InputHigh Voltage (00,8) | || Veo 


a ee et 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 5V +10%) 


Tan [Parameter | _TestConation 
T twcn | ese [CipSaearigniocearin 
wer | tos [uted Cocktign 
— 
ans 
ae 


— 
>) 
jon) 


Clock High to Output Low 
Clock High to Output Valid 


ns 


Clock Low to Chip Select Transition 
Chip Select Low to Chip Select High 250 
Chip Select High to Output Valid 


Chip Select Low to Output Hi-Z PF 800 


=) 
” n 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tcicH 
must be greater or equal to 1 ps. For example, if tcucr is 250 ns, then tc.cH must be at least 750 ns. 
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Figure 4. Synchronous Timing, Start and Op-Code Input 


“¢— START —><———_._ OP CODE INPUT ———— 


Al00875 


4/11 J 
——___________ {yj 8GS"THOMSON 
202 


Figure 5. Synchronous Timing, Read or Write 
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“¢———— ADDRESS INPUT —————> ¢—————. DATA OUTPUT ————_— 
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‘¢——— ADDRESS/DATA INPUT ———! “#————. WRITECYCLE ———> 


Alo0821B 


MEMORY ORGANIZATION 


The ST93C66 is organized as 512 bytes x 8 bits or 
256 words x 16 bits. If the ORG input is left uncon- 
nected (or connected to Vcc) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C66 is in standby mode, the ORG input 
should be unconnected or set to either Vss or Vcc 
in order to achieve the minimum power consump- 
tion. Any voltage between Vss and Vcc applied to 
ORG may increase the standby current value. 


POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied, before 
applying any logic signal. 
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INSTRUCTIONS 


The ST93C66 has seven instructions, as shown in 
Table 6. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza- 
tion. Each instruction is preceded by the rising edge 
of the signal applied on the Chip Select (S) input 
(assuming that tha Clock C is low). The data input 
D is then sampled upon the following rising edges 
of the clock C untill a ’1’ is sampled and decoded 
by the ST93C66 as a Start bit. 


Remark. A rising edge of Chip Select (S) when both 
inputs Clock (C) and Data Input (D) are high is also 
decoded as a Start bit. However, it is preferable not 
to use such a sequence. 


The ST93C66 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig- 
gered by the Low to High transition of the Clock (C). 
The ST93C66 will automatically increment the ad- 
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy ’0’ bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 


Table 6. Instruction Set 


READ Read Data from Memory 
WRITE Write Data to Memory 
EWEN Erase/Write Enable 


ERASE Erase Byte or Word 
ERAL Erase All Memory 


Write All Memory 
MIRAE with same Data 


Note: 1. X=don’t care bit. 


x8 Org x16 Org 
Address Address 
(ORG = 0) “ (ORG = 1) 


A8-A0 Q7-Q0 A7-A0 Q15-Q0 


A8-A0 


| 00 hcl aa 
| wos | Eraserwrite Disable | 00 | 0x00 || OOK XXKK | 
ae a 
p00 a a 


Erase/Write Enable and Disable 


The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap- 
plied, the ST93C66 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vcc falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory byte or word bits to 1’. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 


If the ST93C66 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C66 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C66 is ready to receive a new instruction. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 


11XX XXXX 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 
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Notes: 1. An: n = 7 for x16 org. and 8 for x8 org. 
2. Xn. n= 5 for x16 org. and 6 for x8 org. 


next rising edge of the clock (C) in order to start is ready to receive a new instruction. Programming 
the self-timed programming cycle. If the ST93C66 is internally self-timed (the external clock signal on 
is still performing the write cycle, the Busy signal C input may be disconnected or left running after 


(Q = 0) will be returned if S is driven high, and the the start of a programming cycle) and does not 
ST93C66 will ignore any data on the bus. When the require an Erase instruction prior to the Write in- 
write cycle is completed, the Ready signal (Q = 1) struction (The Write instruction includes an auto- 
will indicate (if S is driven high) that the ST93C66 matic erase cycle before programing data). 
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Figure 7. ERASE, ERAL Sequences 
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Notes: 1. An: n= 7 for x16 org. and 8 for x8 org. 
2. Xn: n= 5 for x16 org. and 6 for x8 org. 


Figure 8. WRAL Sequence 
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Erase All 


The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to 1’). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C66 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if S is driven high, and the ST93C66 will ignore any 
data on the bus. When the erase cycle is com- 
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C66 is ready to receive 
a new instruction. 


Write All 


For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat- 
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C66 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if S is driven high, and the ST93C66 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 


ORDERING INFORMATION SCHEME 


ST93C66 


Example: 


Temperature Range 


ST93C66 


indicate (if S is driven high) that the ST93C66 is 
ready to receive a new instruction. 


READY/BUSY Status 


During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out- 
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C66 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion”. 


M 3 TR 


B  PSDIP8 1 Oto 70°C TR Tape & Reel 
0.4 mm Frame 3* —40 10 125°C Packing 
Mm, es 6 40 to 85°C 


Note: 3* Temperature range on request only. 


Parts are shipped with the memory content set at all '"1’s" (FFFFh for x16, FFh for x8). 
For a list of available options (Package, Temperature Range etc...) refer to the current Memory Shortform 


catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
= 9/11 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 
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PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS MICROWIRE BUS 1K (64 x 16) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


= SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


=» READY/BUSY SIGNAL DURING 
PROGRAMMING 


e SINGLE SUPPLY VOLTAGE 
— 3V to 5.5V for the ST93CS46 
— 2.5V to 5.5V for the ST93CS47 
=» USER DEFINED WRITE PROTECTED AREA 
=» PAGE WRITE MODE (4 WORDS) 
=» SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS46 and ST93CS47 are 1K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 1K bit memory is organized as 64 x 16 bit 
words. The memory is accessed by a Set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 


The data is then clocked out serially. The address 
pointer is automatically incremented after the data 


Table 1. Signal Names 


ro [Sera baainpst 
fa | sera Data Oupet 
fone [Prtcitraso 


Write Enable 
Supply Voltage 
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PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


ST93CS46 
ST93C0S47 
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Table 2. Absolute Maximum Ratings 


Symbol Parameter 


Ambient Operating Temperature 


TstG 


> 


Storage Temperature 


Input or Output Voltages (Q = Vou or Hi-Z) 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10 sec 260 
V 


| Vio 

Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) V 

= , — 


Electrostatic Discharge Voltage (Machine model) ®) 


Figure 2B. SO Pin Connections 
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grade 1 
grade 6 


—65 to 150 


—0.3 to Vcc +0.5 


Notes: 1. Except for the rating “Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. ElAJ IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


is output and, if the Chip Select input (S) is held 
High, the ST93CS46/47 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 1024 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program- 
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 
memory may also be erased, or set to a predeter- 
mined pattern, by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 


array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 16 bits at one time 
into one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, assuming in both cases that all addresses 
are outside the Write Protected area. 


After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Vcc to 0.7Vec 


Reference Voltages 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. Al00825 


Table 3. Capacitance “) 
(Ta = 25°C, f= 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V for ST93CS46 and 
Voc = 2.5V to 5.5V for ST93CS47) 


| min | Max | unit | 
ae ee es Pw 
ee aes 
aw a ee 
pee pos a a 


a ES 
eaten ite et Ae ha 
Input Low Voltage at ee 3V < Vcc < 5.5V | 04 | 02Vec | vi | 
25vsVeosssv_ | -01 | 02Voo | V_ | 
paso ae 


<|<|<|/< 


Input High Voltage (ST93CS46 3V < Vcc < 5.5V | o8Vec | Vec+1 | vi | 


Input | Input High Voltage (ST93CS47)__| Voltage (ST93CS47 2.5V < Vcc < 5.5V 


< 


lo. = 2.1mA 


a 
er 
ES Se 

Ttewentua [veo-o2| |v 


| va [owen Low Voltage 


< 


< 
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Table 5. DC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V for ST93CS46 and 


Voc = 2.5V to 5.5V for ST93CS47) 
symbol | ait | Parameter | Test Condition 
Protect Enable Valid to Clock High 
twvCcH Write Enable Valid to Clock High 


Chip Select High to Clock High 


i ey 
| oe 
i Cope 
Toor | tos | put vaidto crckign 
| tovox | tom | Clock High to Input Transition | 
| too. | teoo | Clock High to OutputLow | 
| tcvov | tror_| Clock High to Outputvaid | 
| tcrax | tere | Clock Lowto Protect Enable Transition | 
teu | teen | Chip Select Low to White Enable Tansiton | 
ee 
| tsis_| tos__| Chip Select Low to Chip Select High |_—Notet | 250 
| tswov | tev | ChipSelectHigh to Output aid || 
| tsoz_| tor | ChipSelectLowto OutputHiz | | 
| tou. | ts | Clock High to GlockLow | Note? | 250 | 
Tiewoe | tou [Clock Low o Gocktigh ————«d—CwNote | 280 
Erase/Write Cycle time re (ie 

Tie toe [otc Fregency Edt 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuci + tetcH 
must be greater or equal to 1 us. For example, if tcuct is 250 ns, then tctcy must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS46/47 has eleven instructions, as 
shown in Table 6. Each instruction is preceded by 
the rising edge of the signal applied on the Chip 
Select (S) input (assuming that the Clock C is low), 
followed by a ‘1’ read on D input during the rising 


Table 6. Instruction Set 


instruction | Description 


READ Read Data from Memory 


PAWRITE 
WRALL Write All Memory be] 


—ee_f Enable fl mae 
} wos | Write Disable ee 


PRREAD | Protect Register Read 
_| PRWRITE | Protect Register Write 


PREN Protect Register Enable 


PRDS Protect Register Disable 


Note: 1. X = don't care bit. 
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Op (1) Additional 
LE | [norm] ome | 


«fo | | am | aisoo 


ese _ _ 


a] A5-A0 D15-D0 
01XXXX D15-DO | Protect Register is 
cleared 


| 00 | t1xxxx_| 


Protect Flag is also 
PRCLEAR | Protect Register Clear 11 111111 cleared (cleared 
iene = 1) 


edge of the clock C. The op-codes of the instruc- 
tions are made up of the 2 following bits. Some 
instructions use only these first two bits, others use 
also the first two bits of the address field to define 
the op-code. The address field is six bits long 
(A5-A0). 


The ST93CS46/47 is fabricated in CMOS technol- 
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


peenriac is executed if 
the address is not 
inside the Protected 
area 


Write is executed if 
all the addresses 
are not inside the 
Protected area 


Write all data if the 


Data Output = 
Protect Register 
content + Protect 
Flag bit 


OOXXXX 


Data above 
specified address 
A5-A0 are protected 


ae bit is set 
permanently 
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS46/47 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy ’0’ bit 
is NOT output between words and a continuous 
stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS46/47 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT inthe 
protected area. If the ST93CS46/47 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS46/47 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A5-A2 remaining un- 
changed. Users must take care by software to 
ensure that the last word address has the same 


four upper order address bits as the initial address 
transmitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS46/47 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93C0S46/47 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS46/47 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write instruc- 
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS46/47 
is still performing the programming cycle, the Busy 
signal (Q = Q) will be returned if the Chip Select 
input (S) is driven high, and the ST93CS46/47 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93CS46/47 is ready 
to receive a new instruction. 


» 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS46/47 offers a Protect Register con- 
taining the bottom address of the memory area 
which has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PAWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 


(Protect Register Enable pin) and W (Write En- 
able). 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1’s, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN 
insruction does not modify the Protect Flag bit 
value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to 1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 


PRWRITE instruction execution, all memory loca- 
tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 
’0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) is aONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS46/47 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S$ is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS46/47 is ready to receive a 
new instruction. Once the ST93CS46/47 is Ready, 
the Data Output Q is set to 1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AQ) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion”. 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST93CS46 013TR 
46 3V to 5.5V B PaaS 0 to 70 eter er Tape & Reel 
47 2.5V to 5.5V o4mm Frame 3» -_40 0: 125°C raeang 
M S08 


6 40 to 85°C 


Note: 3° Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the current Memory Shortform 
catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - & pin Plastic Skinny DIP, 0.4mm lead frame 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 


e 15/15 
ky7 SSouenases 
225 


Lyf, BiSontsuncnncs 


ST93CS56 
ST93CS57 


SERIAL ACCESS MICROWIRE BUS 2K (128 x 16) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


a SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


® READY/BUSY SIGNAL DURING 
PROGRAMMING 


a SINGLE SUPPLY VOLTAGE 
— 3V to 5.5V for the ST93CS56 
— 2.5V to 5.5V for the ST93CS57 
e USER DEFINED WRITE PROTECTED AREA 
a PAGE WRITE MODE (4 WORDS) 
= SEQUENTIAL READ OPERATION 
# 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS56 and ST93CS57 are 2K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 2K bit memory is organized as 128 x 16 bit 
words. The memory is accessed by a set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 


The data is then clocked out serially. The address 
pointer is automatically incremented after the data 


Table 1. Signal Names 


Chip Select Input 


Tene [Protect enable 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


ST93CS56 
ST93CS57 
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Table 2. Absolute Maximum Ratings ™ 


Symbol 


Parameter 


Storage Temperature 


Input or Output Voltages (Q = Vou or Hi-Z) 


Ta Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 


TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 
(PSDIP8 package) 10 sec 260 
Vio 


Electrostatic Discharge Voltage (Machine model) (3) 


| Vio 

Supply Voltage —0.3 to 6.5 

Electrostatic Discharge Voltage (Human Body model) @) 
ESD 


Figure 2B. SO Pin Connections 


ST93CS56 
ST93CS57 


Al00898C 


—65 to 150 


—0.3 to Voc +0.5 


3000 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015 7 (100pF, 1500 Q). 
3. ElAd IC-121 (Condition C) (200pF, 0 2). 


DESCRIPTION (cont'd) 


is output and, if the Chip Select input (S) is held 
High, the ST93CS56/57 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 2048 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program- 
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 
memory may also be erased, or set to a predeter- 
mined pattern, by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 


array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 16 bits at one time 
into one of the 128 words, the Page Write instruc- 
tion writes up to 4 words of 16 bits to sequential 
locations, assuming in both cases that all ad- 
dresses are outside the Write Protected area. 


After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc to 0.7Vec 

Note that Output Hi-Z is defined as the point where data pldveee 


is no longer driven. 


Table 3. Capacitance ") 
(Ta = 25 °C, f= 1 MHz) 


Symbol 
Input Capacitance 
Cout Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 8V to 5.5V for ST93CS56 and 


Vcc = 2.5V to 5.5V for ST93CS57) 


mA 
mA 
LA 


| symbol | Parameter | _—Test Condition | Min 
|r| inputteakageGurent | vs YwsVec | | 
te ovmstmmcinn | gener [| es 
ie Supply Current (CMOS Inputs) S = Vin, f = 1 MHz Lee, We 
[esr | Sunoy Curent (Standby) | SeVessOnvos | —+| 0 
Input Low Voltage (ST93085657) | 45V<Voosssv_ | -01 | 08 | 
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Table 5. AC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V for ST93CS56 and 
Vcec = 2.5V to 5.5V for ST93CS57) 


[Symbol | Ait_| Parameter 


Clock High to Output Low 
Clock High to Output Valid 
Clock Low to Protect Enable Transition 


Chip Select Low to Write Enable Transition 


t 


tSKH 


Erase/Write Cycle time 
| te | tax _| Clock Frequency 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles 
2. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tetcH 
must be greater or equal to 1 ps. For example, if tcuci is 250 ns, then te.cy must be at least 750 ns. 


cs 
tsv 
tor 
WP 
fsk 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS56/57 has eleven instructions, as 
shown in Table 6. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc- 
tion is preceded by the rising edge of the signal 


Table 6. Instruction Set 


WRITE 


PAWRITE | Page Write to Memory 
WRALL Write All Memory 


WEN Write Enable 
Write Disable 


PRREAD Protect Register Read 


PRWRITE | Protect Register Write 
PRCLEAR | Protect Register Clear 


PREN Protect Register Enable 


PRDS Protect Register Disable 
Notes: 1. X = don't care bit. 


2. Address bit A7 is not decoded by the ST93CS56/57. 


Write Data to Memory 


4’ 
ma 
1’ 
4’ 


ae W Op (1, 2) Additional 
Read Data from 


Write is executed if 
as the address is not 
1 01 A7-A0 D15-D0 inside the Protected 
area 


pt fo | oo | mmo | | 
px | | 
Ba 


XXXX XXXX 


Crom 


pt | oo | mom | | 


say OTP bit is set 


applied on the Chip Select ( S) input (assuming that 
the Clock C is low). The data input D is then 
sampled upon the following rising edges of the 
clock C until a ’1’ is sampled and decoded by the 
ST93CS56/57 as a Start bit. 


The ST93CS56/57 is fabricated in CMOS technol- 
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Write is executed if 
all the addresses 
are not inside the 
Protected area 


Write all data if the 
Protect Register is 
cleared 


Data Output = 
Protect Register 
content + Protect 
Flag bit 


cs el 
Q8-Q0 


Data above 
specified address 
A7-A0 are 

protected 


Protect Flag is also 
cleared (cleared 
Flag = 1) 
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS56/57 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy ’0’ bit 
is NOT output between words and a continuous 
stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS56/57 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until] a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT inthe 
protected area. If the ST93CS56/57 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS56/57 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 

first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A7-A2 remaining un- 
changed. Users must take care by software to 
ensure that the last word address has the same five 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 


ST93CS56, ST93CS57 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS56/57 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS56/57 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS56/57 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write Instruc- 
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS56/57 
is still performing the programming cycle, the Busy 
signal (Q = 0) will be returned if the Chip Select 
input (S) is driven high, and the ST93CS56/57 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93CS56/57 is ready 
to receive a new instruction. 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS56/57 offers a Protect Register con- 
taining the bottom address of the memory area 
which -has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
(Protect Register Enable pin) and W (Write En- 
able). 
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Figure 6. READ, WRITE, WEN, WDS Sequences 


TAS 
i i ae . 
"Tr werwerrweriaurt 
2 Eg} 
wh deb Joi ao bLJouid 
> ae poe eee DATA OUT — 


OP 
CODE 


CHECK 

“rere ; STATUS 

le. ok : 
eLJoL ILLS L IAL 


'¢ ADDR > DATA IN ———* \¢- BUSY >! READY->! 


OP 
CODE 


WRITE WRITE PRE 
ENABLE DISABLE 


“rt “rt 
fo of spr X0 D ifo0.0 fxn xo| 
-Ld -Ld 


Al00889C 


8/15 : 
ky Bisoltieiiain 
234 


ST93CS56, ST93CS57 


Figure 7. PAWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1’s, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN 
insruction does not modify the Protect Flag bit 
value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to ’1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca- 
tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 


0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) is aONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS56/57 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS56/57 is ready to receive a 
new instruction. Once the ST93CS56/57 is Ready, 
the Data Output Q is set to ‘1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST93CS56 013TR 
56 3Vto5.5V B —__fectese_ 0 to 70 temp. Range _ 013TR oe & Reel 
57 2.5V to 5.5V O4mmFrame = 3+ _49t9 125°C Packing 
M S08 6 40 to 85°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the current Memory Shortform 
catalogue. 


For further information on any aspect of this device, please contact SGS- THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.4mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS MICROWIRE BUS 4K (256 x 16) EEPROM 


= 1 MILLION ERASE/WRITE CYCLES, with 10 
YEARS DATA RETENTION 


= SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 


=» READY/BUSY SIGNAL DURING 
PROGRAMMING 


=» SINGLE SUPPLY VOLTAGE 
— 3V to 5.5V for the ST93CS66 
— 2.5V to 5.5V for the ST93CS67 
=» USER DEFINED WRITE PROTECTED AREA 
=» PAGE WRITE MODE (4 WORDS) 
=» SEQUENTIAL READ OPERATION 
=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS66 and ST93CS67 are 4K bit Electri- 
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS- THOMSON’s High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 


The 4K bit memory is organized as 256 x 16 bit 
words. The memory is accessed by a set of instruc- 
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 


The data is then clocked out serially. The address 
pointer is automatically incremented after the data 


Table 1. Signal Names 


ieee od Serial Data Input 

[Q_ | Serial Data Output 

[PRE | ProtectEnable 
Ground 


Vss Ground 


February 1995 


1 


PSDIP8 (B) 


$014 (ML) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST93CS66 
ST93CS67 


Al00906B 
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Figure 2A. DIP Pin Connections 


ST93CS66 
ST93CS67 


Al00907B 


Table 2. Absolute Maximum Ratings ™ 


Parameter 


Storage Temperature 


Lead Temperature, Soldering 


Input or Output Voltages (Q = Vou or Hi-Z) 


TA Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 —40 to 85 


(SO14 package) 
(PSDIP8 package) 


Electrostatic Discharge Voltage (Human Body model) 2) 


Electrostatic Discharge Voltage (Machine model) (3) 


Supply Voltage —0.3 to 6.5 


Figure 2B. SO Pin Connections 


ST93CS66 
ST93CS66 


—65 to 150 
215 4 


“hate Veo 108 


40 sec 
10 sec 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. ElIAJ IC-121 (Condition C) (200pF, 0 Q). 


DESCRIPTION (cont'd) 


is output and, if the Chip Select input (S) is held 
High, the ST93CS66/67 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 4096 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. 


Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined pattern, 
by using the Write All instruction. 


Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 


Protect Register, located outside of the memory 
array. As a final protection step, data may be per- 
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 


Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc- 
tion. The Write instruction writes 16 bits at one time 
into one of the 256 words, the Page Write instruc- 
tion writes up to 4 words of 16 bits to sequential 
locations, assuming in both cases that all ad- 
dresses are outside the Write Protected area. After 
the start of the programming cycle, a Ready/Busy 
signal is available on the Data output (Q) when the 
Chip Select (S) input pin is driven High. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data pone 
is no longer driven. 


Table 3. Capacitance ™) 
(Ta = 25 °C, f = 1 MHz) 


CouT Output Capacitance Vout = OV 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics (Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V for ST93CS66 and 
Vcc = 2.5V to 5.5V for ST93CS67) 


- Sense Test Condition | min | Max | Unit _| 
[ty _| input Leakage Ourrent OV < Viv s Voc Se a 


OV < Vout s < Vee, 


a Te eo 
ee 


<|< 


Input Low Voltage (ST93CS66) | aveVecs5.5v. | -01 | 02Vec | vi | 
eee eee eee ae hl 

Yt | input High Voltage (STascses) | aVsVecss8v__ | 08Voo | Voo+t | V_| 
input igh Votage sTes0se7) | 25VeVecessv | 08Vco | Voost | Vv 
p= pew Fee 
a es ae a 


lon = —400 
Output High Voltage = | ton= 400A | 


teeth 


<;j;</< 


tt 


< 
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Table 5. AC Characteristics (Ta = 0 to 70° or, -40 to 85°C; Vcc = 3V to 5.5V for ST93CS66 and 
Voc = 2.5V to 5.5V for ST93CS67) 


Symbol | Alt | 


Teron | tv [chip seecttigntoouputvais | id 
Tiace | tr | ChipseeattowioOuptrz «sd 
KL 
P 
K 


| tonon | tro _ | Clock High to Output Low ar 


a 
Ter | tow | OlookLowio Grockvigh ——=«d;~=SCNtw2 ‘| |_| 
Erase/Write Cycle time a 
te [GookFremeny SSSC«dSSSSSC~=‘idtCi 


Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ys, therefore the sum of the timings tctict + tctcH 
must be greater or equal to 1 ps. For example, if tcuct is 250 ns, then tc.cy must be at least 750 ns. 


Figure 4. Synchronous Timing, Start and Op-Code Input 
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Figure 5. Synchronous Timing, Read or Write 
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POWER-ON DATA PROTECTION 


In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vcc reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vcc must be applied before 
any logic signal. 


INSTRUCTIONS 


The ST93CS66/67 has eleven instructions, as 
shown in Table 6. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc- 
tion is preceded by the rising edge of the signal 


Table 6. Instruction Set 


[instruction | Description 


READ Read Data from Memory 


WRITE Write Data to Memory 


PAWRITE | Page Write to Memory 1’ 
WRALL Write All Memory 


Write Enable 


PRREAD | Protect Register Read 
PRWRITE | Protect Register Write 


Note: 1. X =don'tcare bit. 


6/15 ky SGS-THO 


Op (1) 


X 
A7-AO D15-D0 


po 01XX XXXX | D15-D0 


Protect Flag is also 
PRCLEAR | Protect Register Clear 1’ 1’ 11 14414 1411 cleared (cleared 
Flag = 1) 


[pren [Protect rapter evans |r | | co | rnooooa | | 


; ; ve Fi OTP bit is set 
PRDS Protect Register Disable por for | oo | 0000 0000 4 permanently 


applied on the Chip Select (S) input (assuming that 
the Clock C is low). The data input D is then 
sampled upon the following rising edges of the 
clock C until a’1’ is sampled and decoded by the 
ST93CS66/67 as a Start bit. 


The ST93CS66/67 is fabricated in CMOS technol- 
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 5). 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de- 
coded and the data from the memory is transferred 
into an output shift register. Adummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Additional 
Information 


Write is executed if 
the address is not 
inside the 
Protected area 


Write is executed if 
all the addresses 
are not inside the 
Protected area 


Write all data if the 
Protect Register is 
cleared 


Data Output = 
Protect Register 


content + Protect 
Flag bit 


11XX XXXX 
OOXX XXXX 


Q8-Q0 


Data above 
specified address 
A7-A0 are 

protected 
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Output data changes are triggered by the Low to 
High transition of the Clock (C). The ST93CS66/67 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy ’0’ bit 
is NOT output between words and a continuous 
stream of data can be read. 


Write Enable and Write Disable 


The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe- 
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS66/67 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vcc. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 


The READ instruction is not affected by the WEN 
or WDS instructions. 


Write 


The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program- 
ming cycle, providing that the address is NOT inthe 
protected area. If the ST93CS66/67 is still per- 
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS66/67 is ready to receive a 
new instruction. 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-A0 of the internal address register are incre- 
mented, the high order bits A7-A2 remaining un- 
changed. Users must take care by software to 
ensure that the last word address has the same six 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 
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After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS66/67 is still performing the program- 
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc- 
tion. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) 
must be held High before and during the Write 
instruction. Input address and data are read on the 
Low to High transition of the clock. If the 
ST93CS66/67 is still performing the programming 
cycle, the Busy signal (Q = 0) will be returned if the 
Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc- 
tion. 


MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 


The ST93CS66/67 offers a Protect Register con- 
taining the bottom address of the memory area 
which has to be protected against write instruc- 
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set. disables access to the Protect Register and 
thus prevents any further modifications of this Pro- 
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in- 
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PRDS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
(Protect Register Enable pin) and W (Write En- 
able). 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PAWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 


Accessing the Protect Register is done by execut- 
ing the following sequence: 


— WEN: execute the Write Enable instruction, 
— PREN: execute the PREN instruction, 


— PRWRITE, PRCLEAR or PRDS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PRDS instruction). 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy ’0’ bit is output first. 


Since it is not possible to distinguish if the Protect 
Register is cleared (all 1’s) or if it is written with all 
1's, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PRDS instructions. The PREN 
insruction does not modify the Protect Flag bit 
value. 


Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc- 
tion execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1’s, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to 1’. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc- 
tion execution. 


Note: A PREN instruction must immediately pre- 
cede the PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad- 
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca- 
tions equal to and above the specified address, are 


protected from writing. The Protect Flag bit is set to 
0’, it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 


Note: A PREN instruction must immediately pre- 
cede the PRWRITE instruction, but it is not neces- 
sary to execute first a PRCLEAR. 


Protect Register Disable 


The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PRDS) is a ONE TIME 
ONLY instruction which latches the Protect Regis- 
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc- 
tion), then by writing this same value into the Pro- 
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap- 
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 


A PREN instruction must immediately precede the 
PRDS instruction. 


READY/BUSY Status 


When the ST93CS66/67 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS66/67 is ready to receive a 
new instruction. Once the ST93CS66/67 is Ready, 
the Data Output Q is set to 1’ until a new Start bit 
is decoded or the Chip Select is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "MICROWIRE EEPROM Common I/O Opera- 
tion". 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PRDS Sequences 
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ORDERING INFORMATION SCHEME 


Example: ST93CS66 013TR 
Operating Voltage E Tene. Range | Range 
66 3V to 5.5V B PSDIP8 0 to 70°C a Tape & Reel 
0.25mm : & Packing 
67 2.5V to 5.5V Erame 3* —40 to 125°C 
ML S014 6 —40to 85°C 


Note: 3* Temperature range on request only. 


Parts are shipped with the memory content set at all "1’s" (FFFFh). 


For a list of available options (Operating Voltage, Package, etc...) refer to the current Memory Shortform 
catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 
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Drawing is out of scale 
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$014 - 14 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS 
SPI BUS EEPROM 


ky7z_ 36S THOMSON ST95P02 


SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 


NOT FOR NEW DESIGN 


= 1 MILLION ERASE/WRITE CYCLES 

=» 10 YEARS DATA RETENTION 

= SINGLE 3V to 5.5V SUPPLY VOLTAGE 

= SPI BUS COMPATIBLE SERIAL INTERFACE 
m 2 MHz CLOCK RATE MAX 

=» BLOCK WRITE PROTECTION 

= STATUS REGISTER 


=» 16 BYTE PAGE MODE | 

=» WRITE PROTECT PSDIPS (B) 

=» SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 
CYCLE 


# E.S.D.PROTECTION GREATER than 4000V 


® The ST95P02 will be replaced shortly by the 
updated version ST95020 


Figure 1. Logic Diagram 
DESCRIPTION 


The ST95P02 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The 2K bit memory is or- 
ganised as 16 pages of 16 bytes. The memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu- 
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 


GQ sTg5P02 
Table 1. Signal Names 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings “ 


Parameter 


pT! Ambient Operating Temperature: 


Storage Temperature 


Lead Temperature, Soldering 
Vo 


(SO8 package) 
(PSDIP8 package) 


x3 
= 
a 
es | 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) (3) 


Figure 2B. SO Pin Connections 


ST95P02 


Al01258B 


0 to 70 
—40 to 85 
—§5 to 150 


215 
260 


grade 1 
grade 6 


40 sec 
10 sec 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 15000) 
3. EIAJ 1C-121 (Condition C) (200pF, 02) 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95P02. Data is shifted 
out on the falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 


on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 


Chip Select (S). This input is used to select the 
ST95P02. The chip is selected by a high to low 
transition on the S pin when C is at ’0’ state. At any 
time, the chip is deselected by a low to high transi- 
tion on the S pin when C is at ’0’ state. As soon as 
the chip is deselected, the Q pin is at high imped- 
ance state. This pin allows multiple ST95P02 to 
share the same SPI bus. After power up, the chip 
is at the deselect state. Transitions of S are ignored 
when C is at 1’ state. 
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Figure 3. Block Diagram 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Load Circuit 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Vcc to 0.7Vec 


Reference Voltages 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT O TTL LOAD 


Figure 4. AC Testing Input Output Waveforms 100pF 


Al00527 


Al00825 


Table 3. Input Parameters “) (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Veoc = 8V to 5.5V) 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 8V to 5.5V) 


[Parameter ‘Test Conaton | 
2 a 
——— 
nc 
ee 
a 
 —— 
a 
ave veo sv 
av eVeocasv 


Symbol 


tSLCH 


—h 


tcLcH 


tCHCL 


tHsu HOLD Setup Time 


tovcH 


tCHDx 


tpLDH 


tbHDL 


tHXxCH 


of 


tcLHx tHH HOLD Hold Time 


tSHSL tcs S Deselect Time 


v 
tis 
ino 
to 
tLz HOLD High to Output Low-Z 

tz 
r 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value ts well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data is available. 


tsHaz 
tavcL 


tcLax 


taLaH 


taHaL 


tHHOX 
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tHLaz 
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Figure 6. Output Timing 
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Figure 7. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 8. Hold Timing 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P02 are disabled but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 


Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95P02 without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se- 
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLDis brought high 
when C is low. During Hold condition D, Q, and C 
are at a high impedance state. 


When the ST95P02 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 


ST95P02 


Al01072B 


sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95P02 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

— W pin is low 

— Power on 

— WRDI instruction executed 

— WRSR instruction executed 

— WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95P02, the circuit executes the 


instruction and enters a wait mode until it is dese- 
lected. 


g 7/15 
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Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. AS soon as 
the 8th bit of the status register is read out, the 
ST95P02 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


The status register format is as follows: 


b7 


bO 
Pi Le [a 1 Jor [or [wet [wr 


BP1, BPO: Read and Write bits 

WEL, WIP: Read only bits. 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95P02 is busy with a write opera- 
tion. When set to a 1’ a write is in progress, when 
set to a’0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. 

The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95P02 is divided 


Table 7. Instruction Set 


[bessinson | stsonFrmat 
ee 
[wot [reser wit raach iY eto oto 
ee 
ee 
ee 
ce 


into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. 


The blocks and respective WRSR control bits are 
shown in Table 6. 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0O), each bit being latched-in during 
the rising edge of the clock (C). Then, the data 
stored in the memory at the selected address is 
shifted out on the Q output pin; each bit being 
shifted out during the falling edge of the clock (C). 
The data stored in the memory at the next address 
can be read in sequence by continuing to provide 
clock pulses. The byte address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. 


Table 6. Array Addresses Protect 


Status Register Bits 


Array Addresses 
Protected 


80h - FFh 


Teri | oro 
re eS 
ee a 
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OPERATIONS (cont'd) 


When the highest address is reached (FFh), the 
address counter rolls over to Oh allowing the read 
cycle to be continued indefinitely. The read opera- 
tion is terminated by deselecting the chip. The chip 
can be deselected at any time during data output. 
Any read attempt during a non-volatile write cycle 
will be rejected and will deselect the chip. 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P02 will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7-AQ), and one byte of data. S must 
remain low for the entire duration of the operation. 
The product must be deselected just after the eigth 
bit of data has been latched in. If not, the write 


Figure 9. Read Operation Sequence 


process is cancelled. As soon as the product is 
deselected, the self-timed write cycle is initiated. 
While the write is in progress, the status register 
may be read to check BP1, BPO, WEL and WIP. 
WIP is high during the self-timed write cycle. When 
the cycle is close to completion, the write enable 
latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 


23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
i INSTRUCTION 


BYTE ADDRESS 


KAKKAAKS 
HIGH IMPEDANCE (76X54 32K 1X0} 


DATA OUT 
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Figure 10. Write Enable Latch Sequence 
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Figure 11. Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
INSTRUCTION BYTE ADDRESS DATA BYTE 


0006000006000 0000 


HIGH IMPEDANCE 
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Figure 12. Page Write Operation Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i INSTRUCTION BYTE ADDRESS DATA BYTE 1 


00000000000 00006 tm 


_. 24 25 26 27 28 29 30 31 
1 


DATA BYTE 2 DATA BYTEN DATA BYTE 16 


9,000000000060000000600006 


Al01261 


Figure 13. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 


a INSTRUCTION ——># 


STATUS REG. OUT 
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Figure 14. WRSR: Write Status Register Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 


0 1 
i INSTRUCTION 


HIGH IMPEDANCE 


POWER ON STATE 

After a Power up the ST95P02 is in the following 

state: 

— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile 
bits). 

DATA PROTECTION AND PROTOCOL SAFETY 

— a inputs are protected against noise, see Ta- 

e 3. 


— Non valid S and HOLD transitions are not 
taken into account. 


— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register). 
The Chip Select S must rise during the clock 


STATUS REG. 


Al01117B 


pulse following the introduction of a multiple of 
8 bits. 

— Access to the memory array during non-vola- 
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 

— After either of the following operations 
(WREN, WRDI, RDSR) is completed, the chip 
enters a wait state and waits for a deselect. 


~— The write enable latch is reset upon power-up. 


— The write enable latch is reset when W is 
brought low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all '"1’s" or FFh). 
The block protect bits are initialized to 00. 
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ORDERING INFORMATION SCHEME 


Example: ST95P02 M 6 TR 


Temperature Range 


Data Strobe 


P* DfT QQ). B  PSDIP8 1 Oto 70°C TR Tape & Reel 
N‘ D1 aspy 0.25 mm Frame 3* 4010 125°C Packing 
Mt 08 6 -40to 85°C 


Notes: P * Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
N* On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock. 


3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


a 
a 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 


« 15/15 
yy Sones. ——@ 
275 


kyz S&S THOMSON ST95P04 


SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 


NOT FOR NEW DESIGN 


= | MILLION ERASE/WRITE CYCLES 

=» 10 YEARS DATA RETENTION 

a SINGLE 3V to 5.5V SUPPLY VOLTAGE 

» SPI BUS COMPATIBLE SERIAL INTERFACE 
=» 1 MHz CLOCK RATE MAX 

» BLOCK WRITE PROTECTION 

» STATUS REGISTER 


» 16 BYTE PAGE MODE 1 
a WRITE PROTECT PSDIP8 (B) 
m SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 


CYCLE 
» E.S.D.PROTECTION GREATER than 4000V 


= The ST95P04 will be replaced shortly by the 
updated version ST95040 


Figure 1. Logic Diagram 
DESCRIPTION 


The ST95P04 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The 4K bit memory is or- 
ganised as 32 pages of 16 bytes. The memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu- 
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 


O ST95P04 
Table 1. Signal Names 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings “) 


Symbol Parameter 
Ambient Operating Temperature: 


Tste Storage Temperature 


Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Electrostatic Discharge Voltage (Human Body model) (2) 


VEsD 
Electrostatic Discharge Voltage (Machine model) 8) 


Figure 2B. SO Pin Connections 


ST95P04 


Al01065C 


grade 1 
grade 6 


0 to 70 °C 
—40 to 85 
“e510 160 
C 


215 6 
260 


40 sec 
10 sec 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 150022) 
3. EIAJ IC-121 (Condition C) (200pF, 02) 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95P04. Data is shifted 
out on the falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 


serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 


* 


on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). This input is used to select the 
ST95P04. The chip is selected by a high to low 
transition on the S pin when C is at ’0’ state. At any 
time, the chip is deselected by a low to high transi- 
tion on the S pin when C is at ’0’ state. As soon as 
the chip is deselected, the Q pin is at high imped- 
ance state. This pin allows multiple ST95P04 to 
share the same SPI bus. After power up, the chip 
is at the deselect state. Transitions of S are ignored 
when C is at '1’ state. 
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Figure 3. Block Diagram 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Load Circuit 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Vcc to 0.7Vec 


Reference Voltages 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT O TTL LOAD 


Figure 4. AC Testing Input Output Waveforms 


Al00825 


Table 3. Input Parameters \') (Ta = 25 °C, f = 1 MHz) 


Input Capacitance (other pins 
Input Signal Pulse Width 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V) 


Symbol Parameter Test Condition | min =| Max} Unit 


Output Leakage Current 


S = Vcc, Vin = Vss or Voc, 


S = Vee, Vin = Vss or Voc, 
Voc = 3V 


es ec 
er 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V) 


Tsymbot [at [Parameter Test onaiion [wan | wax [ Unt 
a 
a — a 
Tw [ Ceektign tine i eds 
a [we [oeatowtine i 
i 
Te | Coektating mon al 


tI | 
HOLD Setup Time 
pwn | HOLD Hold Time 


HOLD High to Output Low-Z 


HOLD Low to Output High-Z 
Write Cycle Time 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data is available. 


: 5/15 
Ly7 Scenes. <> 
281 


ST95P04 


Figure 6. Output Timing 


MSB OUT A MSB-1 OUT 
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Figure 7. Serial Input Timing 
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Figure 8. Hold Timing 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P04 are disabled but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 


Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95P04 without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se- 
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLD is brought high 
when C is low. During Hold condition D, Q, and C 
are at a high impedance state. 


When the ST95P04 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 


ST95P04 


Al01072B 


the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95P04 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

— Wpin is low 

— Power on 

— WRDI instruction executed 

— WRSR instruction executed 

— WRITE instruction executed 


As soon as the WREN or WRDI instruction is 
received by the ST95P04, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 
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Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95P04 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


The status register format is as follows: 


BP1, BPO: Read and Write bits 
WEL, WIP: Read only bits. 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95P04 is busy with a write opera- 
tion. When set to a’1’ a write is in progress, when 
set to a’0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. 


The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95P04 is divided 


Table 7. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


into four 1024 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. 


The blocks and respective WRSR control bits are 
shown in Table 6. 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0O), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 of the read 
instruction contains address A8 (most significant 
address bit). This bit is used to select the first or 
second page of the device. Then, the data stored 
in the memory at the selected address is shifted out 
on the Q output pin; each bit being shifted out 
during the falling edge of the clock (C). The data 
stored in the memory at the next address can be 
read in sequence by continuing to provide clock 


Table 6. Array Addresses Protect 


Status Register Bits 
1 
1 


Array Addresses 
Protected 


a 1 
ce ee 
re ee 
as 


000h - 1FFh 
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pulses. The byte address is automatically incre- 
mented to the next higher address after each byte 
of data is shifted out. When the highest address is 
reached (1FFh), the address counter rolls over to 
Oh allowing the read cycle to be continued indefi- 
nitely. The read operation is terminated by dese- 
lecting the chip. The chip can be deselected at any 
time during data output. Any read attempt during a 
non-volatile write cycle will be rejected and will 
deselect the chip. 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P04 will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7-A0O), and one byte of data. Bit 3 of the 
write instruction contains address A8 (most signifi- 
cant address bit). S must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 


Figure 9. Read Operation Sequence 


ST95P04 


latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write isin progress, . 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
i INSTRUCTION 


BYTE ADDRESS 


Ax 00000000 
HIGH IMPEDANCE (7X 6X5 4X3X2X 1K 0} 


DATA OUT 


MSB 
Al01066 
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Figure 10. Write Enable Latch Sequence 


HIGH IMPEDANCE 


Al01067 


Figure 11. Write Operation Sequence 


23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i INSTRUCTION BYTE ADDRESS DATA BYTE 


006000600000 0000 


HIGH IMPEDANCE 


Al01068 
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Figure 12. Page Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i INSTRUCTION BYTE ADDRESS DATA BYTE 1 


ST95P04 


DF \ KX XXX XXX KARE ERE ON... 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


0,0,0000.00000000000000060600 


Figure 13. RDSR: Read Status Register Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 


a INSTRUCTION ——> 


STATUS REG. OUT 


HIGH IMPEDANCE @ ( (5) (.) (3 (2) (1 (0 


MSB 
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Figure 14. WRSR: Write Status Register Sequence 


23 45 6 7 8 9 10 11 12 138 14 15 


i INSTRUCTION 


HIGH IMPEDANCE 


POWER ON STATE 

After a Power up the ST95P04 is in the following 

state: 

— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— bits and BPO are unchanged (non-volatile 
its). 

DATA PROTECTION AND PROTOCOL SAFETY 

— : inputs are protected against noise, see Ta- 
e 3. 

— Non valid S and HOLD transitions are not 

taken into account. 


— S must come high at the proper clock count in 


order to start a non-volatile write cycle (in the 
memory array or in the cycle status register). 


STATUS REG. 


Al01434 


The Chip Select S must rise during the clock 
pulse following the introduction of a multiple of 
8 bits. 

— Access to the memory array during non-vola- 
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 

— After either of the following operations 
(WREN, WRDI, RDSR) is completed, the chip 
enters a wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 


— The write enable latch is reset when W is 
brought low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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ORDERING INFORMATION SCHEME 


Example: ST95P04 M 6 TR 


Temperature Range 


Data Strobe 


P* Df Q 7. B PSDIP8 1 Oto70°C TR Tape & Reel 
N* Dy as 0.25 mm Frame 3* 40 to 125°C Packing 
Me Se 6 —40to 85°C 


Notes: P * Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
N* On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock 


3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 


catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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MICROELECTRONICS 


ST95P04 


PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


peel Oe 
Sa ee 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


ae ee 


Drawing is out of scale 
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SERIAL ACCESS SPI BUS 8K (1K x 8) EEPROM 


NOT FOR NEW DESIGN 


=» 1 MILLION ERASE/WRITE CYCLES 

=» 10 YEARS DATA RETENTION 

= SINGLE 3V to 5.5V SUPPLY VOLTAGE 

= SPI BUS COMPATIBLE SERIAL INTERFACE 
a 2 MHz CLOCK RATE MAX 

=» BLOCK WRITE PROTECTION 

=» STATUS REGISTER 

» 16 BYTE PAGE MODE 

» WRITE PROTECT PSDIPS (B) 


= SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 
CYCLE 


=» E.S.D.PROTECTION GREATER than 4000V 


= The ST95P08 will be replaced shortly by the 
updated version ST95080 


Figure 1. Logic Diagram 
DESCRIPTION 


The ST95P08 is a 8K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The 8K bit memory is or- 
ganised as 64 pages of 16 bytes. The memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu- 
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 


C ST95P08 
Table 1. Signal Names 


February 1995 1/15 
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Figure 2A. DIP Pin Connections 


ST95P08 
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Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature: 


Tste Storage Temperature 


TLEAD Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


ST95P08 
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grade 1 0 to 70 °C 
grade 6 —40 to 85 

“e510 150 Pe 
40 sec 215 
10 sec 260 


Output Voltage —0.3 to Vcc +0.6 
Input Voltage —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) ©) 


VEsp 


Electrostatic Discharge Voltage (Machine model) ©) 


4000 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500) 
3. EIAJ IC-121 (Condition C) (200pF, 0) 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95P08. Data is shifted 
out on the falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 


on the rising edge of the clock input, while data on 


’ the Q pinchanges after the falling edge of the clock 


input. 

Chip Select (S). This input is used to select the 
ST95P08. The chip is selected by a high to low 
transition on the S pin when C is at ’0’ state. At any 
time, the chip is deselected by a low to high transi- 
tion on the S pin when C is at ’0’ state. As soon as 
the chip is deselected, the Q pin is at high imped- 
ance state. This pin allows multiple ST95P08 to 
share the same SPI bus. After power up, the chip 
is at the deselect state. Transition of S are ignored 
when C is at '1’ state. 
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Figure 3. Block Diagram 


High Voltage 
Control Logic Generator 


I/O Shift Register 


Address Register Data 
and Counter Register 


Block 
Protect 


Y Decoder 


16 Bytes 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Load Circuit 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 0.3Vcc to 0.7Vec 


Reference Voltages 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. OUTPUT © TTL LOAD 


Figure 4. AC Testing Input Output Waveforms 


Al00825 


Table 3. Input Parameters "') (Ta = 25 °C, f = 1 MHz) 


es 
[ow | in Gapactaneeo) Sd 
[cw | tut Capacianee ering) 
Input Signal Pulse Width ll 


Note: 1. Sampled only, not 100% tested. 


Table 4. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V) 


Parameter Test Condition 


vec Supp curoniacvoy | GrAivowmsyes | |e | ma 


S = Voc, Vin = Vss or Voc, 


Voc = 5.5V 
Vcc Supply Current (Standby) ae 


S = Vee, Vin = Vss or Voc, 
Vec =3 


Input Low Voltage 
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Table 5. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 3V to 5.5V) 


Clock Frequency 
S Setup Time 


Symbol Test Condition 


= 
a i 
N 


tSLCH 


; 


9 
© 
i) 


— 


tCLCH 


t 
tcLsH S Hold Time 50 ns 
tcH t Clock High Time 200 Lo ns 
teL t 300 aa n 


igo 
(¢2) 


tCHCL 


Clock Rise Time 


fc 
SU 
tsH 
WH 
WL 
tro 
tFc Clock Fall Time 
toH 
trl 
tHH 


” 


tosu Data In Setup Time 
Data In Hold Time 


tpVCH 


tcHDx 


n 


Data In Rise Time 
Data In Fall Time 


tDLDH 


n 


i 
i i 
Clock Low Time 
i i 


tpHDL 


tHxCH 


pan} 
n 


tHsu HOLD Setup Time 


HOLD Hold Time 


tcLHx 


>) 
a] 
79) 


ao} oO on} on 
oO oO}; oO 


4.5V < Vcc < 5.5V 200 
3V < Vcc < 4.5V 250 


tSHSL tcs S Deselect Time 


tois Output Disable Time 
Output Valid from Clock Low 


J 
n 


n 


—_—. 


= ff — 
oO 
n 


tsHaz 5 


tavcL 300 


|e 
me) 
i?) 


tcLax 


ok 
i) 


_ 
_ 
~— 


tw ms 


i 
tv | ons 
tHHaXx tz HOLD High to Output Low-Z 150 
tw [ms | 


Write Cycle Time 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data is available. 
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Figure 6. Output Timing 


MSB OUT A MSB-1 OUT 
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Figure 7. Serial Input Timing 


HIGH IMPEDANCE 


Al01071 
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Figure 8. Hold Timing 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P08 are disabled but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 


Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95P08 without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se- 
lected (S = 0). Then the Hold state is validated by 
a high to low transition on HOLD when C is low. To 
resume the communications, HOLD is brought high 
when C is low. During Hold condition D, Q, and C 
are at a high impedance state. 


When the ST95P08 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 


ST95P08 


A!l01072B 


_the chip select (S) goes low. Prior to any operation, 


a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95P04 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

— Wpin is low 

— Power on 

— WRDI instruction executed 

— WRSR instruction executed 

— WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95P08, the circuit executes the 


instruction and enters a wait mode until it is dese- 
lected. 
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Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95P08 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


The status register format is as follows: 


b7 bO 


BP1, BPO: Read and write bits . 
WEL, WIP: Read only bits. 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95P08 is busy with a write opera- 
tion. When set to a’1’ a write is in progress, when 
set to a0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. 


The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95P08 is divided 


Table 7. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


into four 2048 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. 


The blocks and respective WRSR control bits are 
shown in Table 6. 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the rising edge of the clock (C). Bit 3 and 4 of the 
read instruction contain address bits A9 and A8& 
(most significant address bits). These bits are used 
to select the first or second page of the device. 
Then, the data stored in the memory at the selected 
address Is shifted out on the Q output pin; each bit 
being shifted out during the falling edge of the clock 
(C). The data stored in the memory at the next 


Table 6. Array Addresses Protect 


Status Register Bits 


Array Addresses 
Protected 


1 


200h - 3FFh 
000h - 3FFh 
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OPERATIONS ( cont’d) 


address can be read in sequence by continuing to 
provide clock pulses. The byte address is automat- 
ically incremented to the next higher address after 
each byte of data is shifted out. When the highest 
address is reached (1FFh), the address counter 
rolls over to Oh allowing the read cycle to be con- 
tinued indefinitely. The read operation is terminated 
by deselecting the chip. The chip can be deselected 
at any time during data output. Any read attempt 
during anon-volatile write cycle will be rejected and 
will deselect the chip. 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95P08 will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7-A0), and one byte of data. Bits 3 and 
4 of the write instruction contain address bits AQ 
and A8 (most significant address bits). S must 


Figure 9. Read Operation Sequence 


ST95P08 


remain low for the entire duration of the operation. 
The product must be deselected just after the eigth 
bit of data has been latched in. If not, the write 
process is cancelled. As soon as the product is 
deselected, the self-timed write cycle is initiated. 
While the write is in progress, the status register 
may be read to check BP1, BPO, WEL and WIP. 
WIP is high during the self-timed write cycle. When 
the cycle is close to completion, the write enable 
latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
lf the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 


23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


Oo 1 
i INSTRUCTION 


PRY 


BYTE ADDRESS 


ERKRRRR NG 


DATA OUT 


| HIGH IMPEDANCE , (7 K6X5K4X3 2X1 KO) 
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Figure 10. Write Enable Latch Sequence 


HIGH IMPEDANCE 
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Figure 11. Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
i INSTRUCTION BYTE ADDRESS DATA BYTE 


XY UOCCTCT00000,00.0,0 


HIGH IMPEDANCE 
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Figure 12. Page Write Operation Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 


EE CNA, ,0,5,2,0,0,9,0,0,0,0,0.0,0,0.0, Ge 


_ 24 25 26 27 28 29 30 31 
8 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


9000 00.000.0000000000600000 


Al01320 


Figure 13. RDSR: Read Status Register Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 


- INSTRUCTION ——>: 


STATUS REG. OUT 


HIGH IMPEDANCE QOO0O200 


MSB 
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Figure 14. WRSR: Write Status Register Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 


0 1 
7 INSTRUCTION 


HIGH IMPEDANCE 


POWER ON STATE 

After a Power up the ST95P08 is in the following 

state: 

— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

_ sie) and BPO are unchanged (non-volatile 
its). 

DATA PROTECTION AND PROTOCOL SAFETY 

— inputs are protected against noise, see Ta- 
e3. 

— Non valid S and HOLD transitions are not 

taken into account. 


— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register). 
The Chip Select S must rise during the clock 


STATUS REG. 
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pulse following the introduction of a multiple of 
8 bits. 


— Access to the memory array during non-vola- 
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 


— After either of the following operations 
(WREN, WRDI, RDSR) is completed, the chip 
enters a wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 


— The write enable latch is reset when W is 
brought low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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ORDERING INFORMATION SCHEME 
Example: ST95P08 M 6 TR 


Data Strobe Temperature Range 


P* DF Q 7. B  PSDIP8 1 Oto 70°C TR Tape & Reel 
N* DT apr 0.25 mm Frame 3* 40 t0 125°C Packing 
ML 228 6 -40 to 85°C 


Notes: P * Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock 
N * On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock 


3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 


PRODUCT PREVIEW 


=» 1 MILLION ERASE/WRITE CYCLES 

=» 10 YEARS DATA RETENTION 

= SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

=» SPI BUS COMPATIBLE SERIAL INTERFACE 
2 MHz CLOCK RATE MAX 

BLOCK WRITE PROTECTION 

STATUS REGISTER 

=» 16 BYTE PAGE MODE 

# WRITE PROTECT PSDIP8 (B) 


=» SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 
CYCLE 


= E.S.D.PROTECTION GREATER than 4000V 
= SUPPORTS POSITIVE CLOCK SPI MODES 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST95020 is a 2K bit Electrically Erasable Pro- 
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names Q = ST95020 


fe | seca 
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This ts preliminary information on a new product now in development Details are subject to change without notice 
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Figure 2A. DIP Pin Connections 


ST95020 
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Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature: 


Storage Temperature 


Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


ST95020 
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0 to 70 °C 
—40 to 85 
“6510180 


215 é 


grade 6 


40 sec 
10 sec 


Output Voltage —0.3 to Vcc +0.6 


Input Voltage with respect to Ground 


—0.3 to 6.5 
—0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) ) 


Electrostatic Discharge Voltage (Machine model) (3) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


Supply Voltage 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 15002) 
3. EIAJ IC-121 (Condition C) (200pF, 02) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data are clocked in during the low to high transition 
of clock C, data are clocked out during the high to 
low transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out. Data is shifted out on the 
falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 


i] 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


$ST95020 


Te et eh eres ed 


a =) GD GD GND GE GH 


Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
(‘0’, 0’) or (‘1 "1') 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). When S is high, the ST95020 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95020 will be in the standby power 
mode. S low enables the ST95020, placing it in the 


Al01438 


© stasxx0 
Q 


D 
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active power mode. It should be noted that after 
power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola- 
tile writes are available. W going low at any time 
before the last bit DO of the data stream will reset 
the write enable latch and prevent programming. 
No action on W or on the write enable latch can 
interrupt a write cycle which has commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold condition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica- 
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and C are ata high impedance 
state. 


When the ST95020 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95020 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = (’0’, ’0’) or 
(CPOL, CPHA) = (’1’, ’1’). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are available from the high to low transition of Clock 
(C). 

The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 0) and C 
remains to 1 for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95020 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 


— Wpin is low 

— Power on 

— WRDI instruction executed 
— WRSR instruction executed . 
— WRITE instruction executed 


As soon as the WREN or WRDI instruction is 
received by the ST95020, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Table 3. Write Protected Block Size 


Status Register 
Bits 

| epi_| BPo 

1 

| 


BP1 B 
Ears 
ay A] 


Array 
Addresses 
Protected 


COh - FFh Upper quart 


80h - FFh Upper half 
00h - FFh Whole memory 


Protected 
Block 


WREN Set Write Enable Latch 0000 0110 
WRDI Reset Write Enable Latch 0000 0100 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
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Figure 5. Block Diagram 


Contro! Logic 


/O Shift Register 


Address Register 
and Counter 


High Voltage 
Generator 


Data 
Register 


i 


Protect 


16 Bytes 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. AS soon as 
the 8th bit of the status register is read out, the 
9195020 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


Al01272 


The status register format is as follows: 


b7 


bO 
ri [Le Le Jor [ore [wet [wr 


BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 
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Figure 6. Read Operation Sequence 


Oo 1 
Ut | 


i INSTRUCTION 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


BYTE ADDRESS 


ERRRARIEIY 
HIGH IMPEDANCE : (7 Ke X5K 4X3 2X 1X0} 


OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BPi and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95020 is busy with a write opera- 
tion. When set to a '’1’ a write is in progress, when 
set to a’0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. The Block Protect (BPO and BP1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95020 is divided 
into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 


DATA OUT 


Al01558 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the rising edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
falling edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 
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Figure 8. Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
LL 


i INSTRUCTION BYTE ADDRESS DATA BYTE 


COC C TCO 00000000 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


012 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 
Ut | 


fl INSTRUCTION BYTE ADDRESS DATA BYTE 1 


VOCCS 030.00.0 0060.0 te 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTEN DATA BYTE 16 


900000000.000000000060660.0 


Al01560 


Figure 10. RDSR: Read Status Register Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 


a INSTRUCTION ——> 


STATUS REG. OUT 


HIGH IMPEDANCE @ © (3) (:\ (3) (2\ (i) (0) 


MSB 
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Figure 11. WRSR: Write Status Register Sequence 


0 1 
af 


¥ INSTRUCTION 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95020 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 


$T95020 


23 45 6 7 8 9 10 11 12 13 14 15 


STATUS REG. 


Al01445 


must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST95020 is in the following 
state: 


— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


CS3 CS2 CS1 


DATA PROTECTION AND PROTOCOL SAFETY 
— Allinputs are protected against noise, see Table 
3. 


— Non valid S and HOLD transitions are not taken 
into account. 


— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 


— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 


10/17 ky SGS-THO 


ST95xxx ST95xxx 


s Ss 
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— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 


— The write enable latch is reset upon power-up. 


— Thewrite enable latch is reset when W is brought 
low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all '"1’s" or FFh). 
The block protect bits are initialized to 00. 


MSON 


MICROELECTRONICS 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc to 0.7Vcc 

Output Load C_ = 100pF 


Al00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters “) (Ta = 25 °C, f = 2 MHz) 


Note: 1. Sampled only, not 100% tested. 


C 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or —-40 to 85°C; Vcc = 4.5V to 5.5V) 


loc 


ne 
SC 
| 


Note: 1. The device meets output requirements for both TTL and CMOS standards. 
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Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


: 
ti 
tw 
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tusu HOLD Setup Time 


Clock Low Hold Time after HOLD 
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tHH HOLD Hold Time 
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tLz HOLD High to Output Low-Z 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 


MSB OUT A MSB-1 OUT LSB OUT 


ADDR LSB IN x 
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ORDERING INFORMATION SCHEME 


Example: $T95020 M6 TR 


Temperature Range 


Data Strobe 


20* DF Qn B PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25 mm Frame rm Packing 
3* -40 to 125°C 
208 6 -40 to 85°C 


Notes: 20* Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 


catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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PSDIP8 


PSDIP-a 


Drawing Is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 


= 17/17 
ky7 $store —_§__—_—_=* 


325 


kyz 363 THOMSON ——- gT95021 


SERIAL ACCESS SPI BUS 2K (256 x 8) EEPROM 


PRODUCT PREVIEW 


= { MILLION ERASE/WRITE CYCLES 

= 10 YEARS DATA RETENTION 

= SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

# SPI BUS COMPATIBLE SERIAL INTERFACE 
=m 2 MHz CLOCK RATE MAX 

=» BLOCK WRITE PROTECTION 

=» STATUS REGISTER 

=» 16 BYTE PAGE MODE 

a WRITE PROTECT PSDIP8 (B) 


= SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 
CYCLE 


# E.S.D.PROTECTION GREATER than 4000V 
=» SUPPORTS NEGATIVE CLOCK SPI MODES 


SO8 (M) 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST95021 is a 2K bit Electrically Erasable Pro- 
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names OQ =sr9502 


ee 
es 
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This 1s preliminary information on a new product now in development Details are subject to change without notice. 
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Figure 2A. DIP Pin Connections 


ST95021 
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Table 2. Absolute Maximum Ratings “) 


Symbol 


Parameter 


Storage Temperature 


Lead Temperature, Soldering 


TA Ambient Operating Temperature: grade 1 0 to 70 
grade 6 —40 to 85 


(SO8 package) 
(PSDIP8 package) 


Output Voltage —0.3 to Vcc +0.6 
Input Voltage with respect to Ground —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


y, Electrostatic Discharge Voltage (Human Body model) 2) 
ESD 
Electrostatic Discharge Voltage (Machine model) (3) 


Figure 2B. SO Pin Connections 


ST95021 
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Value 


-65 t0 160 
215 5 


40 sec 
10 sec 


4000 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 15002) 
3. EIAJ IC-121 (Condition C) (200pF, 02) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data are clocked in during the high to low transition 
of clock C, data are clocked out during the low to 
high transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out. Data is shifted out on the rising 
edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the falling edge of the serial clock. 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


i 2) GD GND GOED G19 GH 


Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
(‘0'", "1') or (‘1', 0) 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the falling edge of the clock input, while data on 
the Q pin changes after the rising edge of the clock 
input. 

Chip Select (S). When S is high, the ST95021 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95021 will be in the standby power 
mode. S low enables the ST95021, placing it in the 
active power mode. It should be noted that after 
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c ST95xx1 
Q 


D 
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power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola- 
tile writes are available. W going low at any time 
before the last bit DO of the data stream will reset 
the write enable latch and prevent programming. 
No action on W or on the write enable latch can 
interrupt a write cycle which has commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold condition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica- 
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and C are ata high impedance 
state. 


When the ST95021 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95021 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = (’1’, ’0’) or 
(CPOL, CPHA) = (’0’, 1’). 

For these two modes, input data are latched in by 
the high to low transition of clock C, and output data 


are available from the low to high transition of Clock ~ 


(C). 


The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 1) and © 
remains to 1 for (CPOL, CPHA) = (1, 0) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first falling edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the falling edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95021 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 


_— Wpin is low 


— Power on 

— WRDI instruction executed 
— WRSR instruction executed 
— WRITE instruction executed 


As soon as the WREN or WRDI instruction is 
received by the ST95021, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Table 3. Write Protected Block Size 


Status Register Array 
Bits Addresses 


Protected 


po | toe 
COh - FFh Upper quart 


Protected 
Block 


1 


80h - FFh Upper half 
00h - FFh Whole memory 
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Figure 5. Block Diagram 


Contro! Logic 


1/O Shift Register 


Address Register 
and Counter 


Y Decoder 
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High Voltage 
Generator 


Data 
Register 


é 


Protect 


16 Bytes 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95021 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 
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The status register format is as follows: 


b7 


b0 


BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 
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Figure 6. Read Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i INSTRUCTION 


BYTE ADDRESS 


ERRRARENY 
HIGH IMPEDANCE (7K 6X5X4K3X2X1 Ko} 


OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95021 is busy with a write opera- 
tion. When set to a’1’ a write is in progress, when 
set to a0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a '1’ the latch is set, when set to a ’0’ the latch is 
reset. The Block Protect (BPO and BP1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95021 is divided 
into four 512 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 


DATA OUT 
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When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 
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Figure 8. Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
UL, 


INSTRUCTION BYTE ADDRESS DATA BYTE 


UOC C00000.0.0 00.0 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
(a 


& INSTRUCTION BYTE ADDRESS DATA BYTE 1 


COSC 0.0000 0000006 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


70000000000 060000000000.0 
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Figure 10. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 9 1011 12 13 14 15 
(g 


a INSTRUCTION ——> 


STATUS REG. OUT 


HIGH IMPEDANCE O ( 6 6 (3) () (1 (<) 


MSB 
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Figure 11. WRSR: Write Status Register Sequence 
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23 45 6 7 8 9 10 11 12 13 14 15 


F INSTRUCTION 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95021 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 


STATUS REG. 
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must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST95021 is in the following 
state: 


— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


CS3. CS2 CS1 


DATA PROTECTION AND PROTOCOL SAFETY 
— All inputs are protected against noise, see Table 


— Non valid S and HOLD transitions are not taken 
into account. 

— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 
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— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 

~~ ine write enable latch is reset when W is brought 
ow. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc to 0.7Vcc 

Output Load CL = 100pF 


Al00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters “) (Ta = 25 °C, f = 2 MHz) 


ee 
a 
Tn | tpt Gapactnce ohare) ii 
[ive [tt signal Puce wan Fteeaou «|i te 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


Symbol Test Condition ee | a 
oe Output Leakage Current 


Pe fase aE [| 
Icc1 Vcc | Vec Supply Current (Standby) _| Current (Standby) S = Vcc, Vin = Vss or Veco 
eae NA See 
A 
va [odmatowvonge | mean fo | 
vor" [ounaingrvetwe | tana vos | |v 


Note: 1. The device meets output requirements for both TTL and CMOS standards. 


: 11/17 
kyy SSckkenace, 
337 


$T95021 


Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Voc = 4.5V to 5.5V) 


Symbol ; At 

as, 

| tcc_| tess | SActiveseuptime | 

| tas | | SAciiveatterFalingédgeof || 100 
a 
Meee 


re a 

Fever | toss | Datainseuptine Si we 
Tse | tor | Dateintotine we 
Tn [tw | Daainrisetine Si 
Ti. | | daainrattine 
Tinos | tay | HOCBseuptime ————S—SiSSSSCS~ CY 


= pons 
a 
| tw | HOLDHoTme ft Ps 


HH HOLD Hold Time 


[soon |_| Ragegiansetenrimepaere rot || eo 
Tiese | | Sratacivoaterramecapeore | 

Tie |_| Sretacivebeenotcruse | + to | 
Te | cor | Sdeseeatime i ato | 


eS ne 
Tw | ouput vaidton Ceaktow dt 
a a 
[two fouputrsetine Sid 

Teva. [tro | oupatFanting St 
ss nee a 
a a 
enenae eriais 


t HOLD High to Output Low-Z 
t HOLD Low to Output High-Z 


Z 
HZ 
tw Write Cycle Time 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data are available. 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 


MSB OUT §A MSB-1 OUT LSB OUT 


ADDR LSB IN x 
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ORDERING INFORMATION SCHEME 


Example: $795021 M 6 TR 
Data Strobe Temperature Range 
217° DT. Qf B  PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25 mm Frame 3* 4010 125°C Packing 
my fee 6 -40 to 85°C 


Notes: 21 * Data In strobed on falling edge of the clock (C) and Data Out synchronized from the rising edge of the clock. 
3 * Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 
catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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MICROELECTROMICS 


3195040 


SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 


PRELIMINARY DATA 


=» 1 MILLION ERASE/WRITE CYCLES 

=» 10 YEARS DATA RETENTION 

= SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

=» SP! BUS COMPATIBLE SERIAL INTERFACE 
m 2 MHz CLOCK RATE MAX 

=» BLOCK WRITE PROTECTION 

= STATUS REGISTER 

» 16 BYTE PAGE MODE 

=» WRITE PROTECT 


=» SELF-TIMED 10ms (max) PROGRAMMING 
CYCLE 


» E.S.D.PROTECTION GREATER than 4000V 
=» SUPPORTS POSITIVE CLOCK SPI MODES 


DESCRIPTION 


The ST95040 is a 4K bit Electrically Erasable Pro- 
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names 


January 1995 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


QO S195040 
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345 


$T95040 


Figure 2A. DIP Pin Connections 


ST95040 
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Table 2. Absolute Maximum Ratings “ 


Symbol 


Parameter 


Storage Temperature 


Lead Temperature, Soldering 
Vo 


TA Ambient Operating Temperature: grade 1 0 to 70 
grade 6 —40 to 85 


(SO8 package) 
(PSDIP8 package) 


— 
=" 
[We fouputvenge ——SSS™S~S~*~S~S*~«wdiC ees 
LM 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) ©) 


Figure 2B. SO Pin Connections 
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—65 to 150 


215 
260 


40 sec 
10 sec 


4000 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500) 
3. EIAJ IC-121 (Condition C) (200pF, 02) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data are clocked in during the low to high transition 
of clock C, data are clocked out during the high to 
low transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95040. Data is shifted 
out on the falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


ST95040 
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Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
('0’, 0’) or (1, | ') 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). When S is high, the ST95040 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95040 will be in the standby power 
mode. S low enables the ST95040, placing it in the 
active power mode. It should be noted that after 
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Q 


SDO 


D 
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power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95040 are disabled but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95040 without re- 
setting the serial sequence. To take the Hold con- 
dition into account, the product must be selected 
(S = 0). Then the Hold state is validated by a high 
to low transition on HOLD when C is low. To resume 
the communications, HOLD is brought high when 
C is low. During Hold condition D, Q, and C are at 
a high impedance state. 


When the ST95040 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95040 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('0’, ’0’) or 
(CPOL, CPHA) = (’1’, ’1’). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are available from the high to low transition of Clock 
(C). 

The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 0) and C 
remains to 1 for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95040 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 


— Wpin is low 

— Power on 

— WRDI instruction executed 
— WRSR instruction executed 
— WRITE instruction executed 


As soon as the WREN or WRDI instruction is 
received by the ST95040, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Table 3. Write Protected Block Size 


Status Register Array 
Bits Addresses 


Protected 


Upper quart 


Protected 
Block 


100h - 1FFh 
000h-1FFh | Whole memory 


Upper half 


pr | BPO 
po | 1 | t80n- 1 
pt | 0 | t00h- 
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Figure 5. Block Diagram 


High Voltage 
Control! Logic Generator 


/O Shift Register 


Address Register Data 
and Counter Register 


Protect 


Y Decoder 


16 Bytes 
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Read Status Register (RDSR) The status register format is as follows: 


The RDSR instruction provides access to the status 
register. The status register may be read at any b7 


bO 
time, even during a non-volatile write. AS soon as 
the 8th bit of the status register is read out, the 


ST95040 enters a wait mode (data on D are not BP1, BPO: Read and write bits 


decoded, Q is in Hi-Z) until it is deselected. WEL, WIP: Read only bits 
ky $GS-THOMSON ee ee 
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Figure 6. Read Operation Sequence 


0 
Ut | 


} INSTRUCTION 


12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


BYTE ADDRESS 


DATA OUT 


HIGH IMPEDANCE (7K 6X5} (4 3K2X 1X0} 


OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BPi and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95040 is busy with a write opera- 
tion. When set to a ’’1’ a write is in progress, when 
set to a’0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. The Block Protect (BPO and BP'1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95040 is divided 
into four 1024 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 
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When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the rising edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
falling edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 
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Figure 8. Write Operation Sequence 


0 23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
LOT 


INSTRUCTION BYTE ADDRESS DATA BYTE 


RRR RARER ATDAEREAAEAEAIAY 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 


‘9 COC. 000,5.0.00.0,0.0.0.0 ae 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


9000006000000060000000600 
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Figure 10. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 


a INSTRUCTION ——> 


STATUS REG. OUT 


HIGH IMPEDANCE @ (0 (5 a (;) (2 (1 (0 


MSB 
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Figure 11. WRSR: Write Status Register Sequence 


0 1 
oH 


i INSTRUCTION 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95040 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 


$T95040 


23 45 6 7 8 9 10 11 12 13 14 15 


STATUS REG. 


Al01445 


must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST95040 is in the following 
state: 


— The device is in the low. power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


CS3. CS2 CSI 


DATA PROTECTION AND PROTOCOL SAFETY 
— Allinputs are protected against noise, see Table 
3 


— Non valid S and HOLD transitions are not taken 
into account. 

— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 
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— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 

_ a write enable latch is reset when W is brought 
Ow. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vec to 0.7Vcc 

Output Load C_ = 100pF 


Al00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters ") (Ta = 25 °C, f = 2 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


| to | Output Leakage Current 


pS eae 
| toot | Voc | Voc Supply Current (Standby) —_| Current (Standby) S = Vcc, Vin = Vss or Voc 

Tig oa ae 

Twa [newtignvetags df S~*dS Crew | ewe |v 

vax [oupntowvge | twwana | Yow | 

PS 


Note: 1. The device meets output requirements for both TTL and CMOS standards. 
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Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


[symbol | ait_| Parameter 
| tow | | SActiveatter Rising Edge of 
{DH 
tri 
tFI 
tHH 


Test Condition 


o 
© 
~ 
= 
a 
N 


N | — 
Oo };oO 
Oo 1;oO 


— 
jo) 
jo] 
=] 
n” 


ar 


= = 
n no 1n no 1M 


Data In Setup Time 


ol 
Oo 


Ww 

R 

F 
s 
HOLD Setup Time 100 

Active 
HOLD Hold Time 100 
100 ns 


20 


oO 


Tee | to | ouputtiogtme ———SSSiCid 
Tews | wo | Ouputticotime Sid 
[vor | tz | FotSHighicoupaiwz | «dt SS~*diC 


4 
(an) 
fo) 


t Clock Low Set-up Time before HOLD 
CEH Inactive 


3 
nm 


Nh 


) 
” 


oO 


Oo 
Oo 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 


MSB OUT A MSB-1 OUT LSB OUT 


ADDR.LSB IN X 
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ORDERING INFORMATION SCHEME 


Example: ST95040 M 6 TR 
Temperature Range 
40* DF Q). B PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25 mm Frame 3* 4010 125°C Packing 
Wes 6 -—40 to 85°C 


Notes: 40 * Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortfor 
catalogue. 


m 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 


ky SES THOMSON 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width . 


Drawing is out of scale 
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SERIAL ACCESS SPI BUS 4K (512 x 8) EEPROM 


PRELIMINARY DATA 


= 1 MILLION ERASE/WRITE CYCLES 

=# 10 YEARS DATA RETENTION 

= SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

= SPI BUS COMPATIBLE SERIAL INTERFACE 
= 2 MHz CLOCK RATE MAX 

» BLOCK WRITE PROTECTION 

=» STATUS REGISTER 

» 16 BYTE PAGE MODE 

=» WRITE PROTECT 


= SELF-TIMED 10ms (max) PROGRAMMING 
CYCLE 


# E.S.D.PROTECTION GREATER than 4000V 
a» SUPPORTS NEGATIVE CLOCK SPI MODES 


DESCRIPTION 


The ST95041 is a 4K bit Electrically Erasable Pro- 
grammable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names 


es 
a 
Ce 
Pe wie 
Dice Sve 
es 
February 1995 


n 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 
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This 1s preliminary information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Figure 2A. DIP Pin Connections 


ST95041 
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awe 2. Absolute Maximum Ratings (7) 


| Vo | Output Voltage 


| Symbol Parameter | Value unit 
Ambient Operating Temperature: grade 1 0 to 70 °C 
grade 6 —40 to 85 
| Tete Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (SO8 package) 40 sec 215 °C 
(PSDIP8 package) 10 sec 260 


—_ Input Voltage with respect to Ground -0.3 to 6.5 pov 
Supply Voltage -osto6s | Vv | 


Electrostatic Discharge Voltage (Human Body model) ©) 


Electrostatic Discharge Voltage (Machine model) ©) | 500 | 


Figure 2B. SO Pin Connections 
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—0.3 to Vcc +0.6 Paved 


ooo | 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 15000) 
3. EIAJ IC-121 (Condition C) (200pF, 022) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data are clocked in during the high to low transition 
of clock C, data are clocked out during the low to 
high transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out of the ST95041. Data is shifted 
out on the rising edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the falling edge of the serial clock. 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


ee ee ee ae as ee ae eee 


Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
(‘0'", oa i | or (1, 0’) 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the falling edge of the clock input, while data on 
the Q pin changes after the rising edge of the clock 
input. 

Chip Select (S). When S is high, the ST95041 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95041 will be in the standby power 
mode. S low enables the ST95041, placing it in the 
active power mode. It should be noted that after 
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© ST95xx1 
Q 


D 


Al01528 


power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95041 are disabled _but any other operation 
stays enabled. When W is high, all operations 
including non-volatile writes are available. W going 
low at any time before the last bit DO of the data 
stream will reset the write enable latch and prevent 
programming. No action on W or on the write 
enable latch can interrupt a write cycle which has 
commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95041 without re- 
setting the serial sequence. To take the Hold con- 
dition into account, the product must be selected 
(S = 0). Then the Hold state is validated by a high 
to low transition on HOLD when C is low. To resume 
the communications, HOLD is brought high when 
C is low. During Hold condition D, Q, and C are at 
a high impedance state. 


When the ST95041 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95041 can be driven by a microcontroller . 


with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = ('1’, ’0’) or 
(CPOL, CPHA) = (’0’, ’1’). 


For these two modes, input data are latched in by 
the high to low transition of clock C, and output data 
are available from the low to high transition of Clock 
(C). 


The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 1) and C 
remains to 1 for (CPOL, CPHA) = (1, 0) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first falling edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the falling edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


ns ky SGS-THO 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95041 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

— Wpin is low 

— Power on 

— WRDI instruction executed 

— WRSR instruction executed 

— WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95041, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


‘Table 3. Write Protected Block Size 


Status Register Array 
Bits Addresses 


Protected 


Protected 
Block 


none 


Upper quart 
Upper half 


100h - 1FFh 


000h-1FFh | Whole memory 


aw 


MSON 
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Figure 5. Block Diagram 


Control Logic 


I/O Shift Register 


Address Register 
and Counter 


Y Decoder 
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High Voltage 
Generator 


Data 
Register 


om 


Protect 


16 Bytes 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. AS soon as 
the 8th bit of the status register is read out, the 
ST95041 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


Al01272 


The status register format is as follows: 


b7 


bO 
Pie [a To Tors [aro [| wr 


BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 


MICROELECTRONICS 
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Figure 6. Read Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION 


BYTE ADDRESS 


A /RRBRRQ0E 
HIGH IMPEDANCE (765K 4X32 1 Xo] 
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OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During a non volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the S1T95041 is busy with a write opera- 
tion. When set to a ’1’ a write is in progress, when 
set to a’0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. The Block Protect (BPO and BP‘1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95041 is divided 
into four 1024 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 


DATA OUT 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 


A!01530 


Figure 8. Write Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 


© COC CCT.00000000.0 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


INSTRUCTION BYTE ADDRESS DATA BYTE 1 


© COSTCO C00 00000.06 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


0000006000060000000000000 
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Figure 10. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 
UL, 


a INSTRUCTION ——> 


STATUS REG. OUT 


HIGH IMPEDANCE O) (. (s) (. (;) () § (. 


MSB 
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Figure 11. WRSR: Write Status Register Sequence 


ST95041 


23 4 5 6 7 8 9 10 11 12 13 14 15 


INSTRUCTION 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) anda 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95041 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 


STATUS REG. 
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must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST95041 is in the following 
state: 


— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


CS3  CS2 CS! 


DATA PROTECTION AND PROTOCOL SAFETY 
— Allinputs are protected against noise, see Table 
3. 


— Non valid S and HOLD transitions are not taken 
into account. 


— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 
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— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 

— The write enable latch is reset when W is brought 
low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc to 0.7Vcc 

Output Load C. = 100pF 
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Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters "') (Ta = 25 °C, f = 2 MHz) 


es 
a 
[cm | put Capactanco cers) ————SSCdEid 
ae [pat gral Puse wan Fieedon its 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or -40 to 85°C; Vcc = 4.5V to 5.5V) 


Input Leakage Current 
Output Leakage Current 


Voc Supply Current (Active) agri on 


Input Low Voltage 
Input High Voltage 


Note: 1. The device meets output requirements for both TTL and CMOS standards. 
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Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


| Alt Parameter 


Test Condition 


Tea [| Sat ter Fling ape 1 
E i 
tb 


== 
Teun [tu Oalanesetine 
| 


HOLD Setup Time 


tHLCL 


tHH HOLD Hold Time 


t Clock High Set-up Time before HOLD 
ah Inactive 


Clock High Hold Time after HOLD 
Active 


S not Active after Falling Edge of C 
S not Active before next C Pulse 


Output Rise Time 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data are available. 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 
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ORDERING INFORMATION SCHEME 


Example: $1T95041 M 6 TR 


Temperature Range 


Data Strobe 


4*Dq ay B  PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25 mm Frame 3* —A0 to 125°C Packing 
ne SG8 6 -40 to 85°C 


Notes: 41 * Data In strobed on falling edge of the clock (C) and Data Out synchronized from the rising edge of the clock 
3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 


catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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kyz_ SGS- THOMSON ST95080 


SERIAL ACCESS SPI BUS 8K (1K x 8) EEPROM 


PRODUCT PREVIEW 


=» 7 MILLION ERASE/WRITE CYCLES 

= 10 YEARS DATA RETENTION 

m SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

=» SPI BUS COMPATIBLE SERIAL INTERFACE 
m 2 MHz CLOCK RATE MAX 

» BLOCK WRITE PROTECTION 

» STATUS REGISTER 

=» 16 BYTE PAGE MODE 

» WRITE PROTECT PSDIP8 (B) 


# SELF-TIMED 10ms (max) PROGRAMMING 0.25mm Frame 
CYCLE 


= E.S.D.PROTECTION GREATER than 4000V 
=» SUPPORTS POSITIVE CLOCK SPI MODES 


Figure 1. Logic Diagram 


DESCRIPTION 


The ST95080 is an 8K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names GQ = ST95080 
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This is preliminary information on a new product now in development Details are subject to change without notice 
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Figure 2A. DIP Pin Connections 


ST95080 
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Table 2. Absolute Maximum Ratings ™ 


Parameter 


Ambient Operating Temperature: 


Storage Temperature 


Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


ST95080 
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0 to 70 °C 
—40 to 85 
“e510 16 


215 é 


40 sec 
10 sec 


Output Voltage —0.3 to Vcc +0.6 


Input Voltage with respect to Ground 
Supply Voltage 


Electrostatic Discharge Voltage (Human Body model) (2) 
ESD 


—0.3 to 6.5 
—0.3 to 6.5 


Electrostatic Discharge Voltage (Machine model) (3) 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 15002) 
3. EIAJ 1C-121 (Condition C) (200pF, 02) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 


Data are clocked in during the low to high transition 
of clock C, data are clocked out during the high to 
low transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out. Data is shifted out on the 
falling edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


ST95080 
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Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
(‘0'" 0’) or (‘1 oo '1') 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 
the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). When S is high, the ST95080 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95080 will be in the standby power 
mode. S low enables the ST95080, placing it in the 
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C 
Q 


ST95xx0 
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active power mode. It should be noted that after 
power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola- 
tile writes are available. W going low at any time 
before the last bit DO of the data stream will reset 
the write enable latch and prevent programming. 
No action on W or on the write enable latch can 
interrupt a write cycle which has commenced. 


= 3/17 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold condition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica- 
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and C are ata high impedance 
state. 


When the ST95080 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95080 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = (’0’, 0’) or 
(CPOL, CPHA) = (’1’, ’1’). 

For these two modes, input data are latched in by 
the low to high transition of clock C, and output data 
are available from the high to low transition of Clock 
(C). 


The difference between (CPOL, CPHA) = (0, 0) and 
(CPOL, CPHA) = (1, 1) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 0) and C 
remains to 1 for (CPOL, CPHA) = (1, 1) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don’t care 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95080 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

— Wpin is low 

— Power on 

— WRDI instruction executed 

— WRSR instruction executed 

— WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95080, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Table 3. Write Protected Block Size 


Status Register Array 
addresses | Prgecte 


Protected 


1 


a 4 200h - 3FFh Upper half 
000h - 3FFh | Whole memory 


300h - 3FFh Upper quart 
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Figure 5. Block Diagram 


High Voltage 
Control Logic Generator 


I/O Shift Register 


Address Register Data 
and Counter Register 


E 


Block 
Protect 


Y Decoder 
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Read Status Register (RDSR) The status register format is as follows: 


The RDSR instruction provides access to the status 
register. The status register may be read at any b7 


bo 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 


ST95080 enters a wait mode (data on D are not BP1, BPO: Read and write bits 


decoded, Q is in Hi-Z) until it is deselected. WEL, WIP: Read only bits. 
yz, SGS-THOMSON = A 
7 micROELECTROMIES 
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Figure 6. Read Operation Sequence 


23 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


0 1 
j INSTRUCTION 


KY 


BYTE ADDRESS 


ERRRNEWNY 


DATA OUT 


HIGH IMPEDANCE (7KeX5X4K3K2X 1X0] 


OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95080 is busy with a write opera- 
tion. When set to a ’’1’ a write is in progress, when 
set to a0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a ’0’ the latch is 
reset. The Block Protect (BPO and BP1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95080 is divided 
into four 2048 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 


Al01564 


When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip ts first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0), each bit being latched-in during 
the rising edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
falling edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 
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Figure 8. Write Operation Sequence 


23 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


oO 1 
LT 


i INSTRUCTION BYTE ADDRESS DATA BYTE 


oe COC C.00.0,.0.0000.00.0,0 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


0123 4 5 6 7 8 Q9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
LT 


7 INSTRUCTION BYTE ADDRESS DATA BYTE 1 


CCWAW,.U.00.2.0.0,0,00,000.0 60.0 ta 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


90.00006000000060000006000 
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Figure 10. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 Q9 10 11 12 13 14 15 


a INSTRUCTION ——>! 


STATUS REG. OUT 


HIGH IMPEDANCE O) (5 6 (. (3 (2 0 (0 


MSB 
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Figure 11. WRSR: Write Status Register Sequence 


0 1 
LT 


i INSTRUCTION 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95080 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 


ST95080 


23 45 6 7 8 9 10 11 12 13 14 15 


STATUS REG. 


Al01445 


must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST95080 is in the following 
state: 


— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


CS3. CS2_ CSi1 


DATA PROTECTION AND PROTOCOL SAFETY 
— Allinputs are protected against noise, see Table 
3 


— Non valid S and HOLD transitions are not taken 
into account. 

— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 


Al01446 


— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 

— The write enable latch is reset when W is brought 
low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all '"1’s" or FFh). 
The block protect bits are initialized to 00. 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc fo 0.7Vec 

Output Load C. = 100pF 


Al00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters “) (Ta = 25 °C, f = 2 MHz) 


Fe a 
[on | toutcapaciane®) 
a 
tor [ut gral use wan Fteedoa 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


Note: 1. The device meets output requirements for both TTL and CMOS standards. 
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Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 


MSB OUT A MSB-1 OUT 2 | LSB OUT 


ADDR.LSB IN x 
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ORDERING INFORMATION SCHEME 


Example: ST95080 M 6 TR 


Data Strobe Temperature Range 


80* DF Q 7. B PSDIP8 1 Oto70°C TR Tape & Reel 
0.25 mm Frame - 8* _4010125°C Packing 
M: <202 6 -40to 85°C 


Notes: 80 * Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 
3* Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortfor 
catalogue. 


m 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 
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PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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5195081 


SERIAL ACCESS SPI BUS 8K (1K x 8) EEPROM 


PRODUCT PREVIEW 


# | MILLION ERASE/WRITE CYCLES 

8 10 YEARS DATA RETENTION 

eB SINGLE 4.5V to 5.5V SUPPLY VOLTAGE 

&e SPI BUS COMPATIBLE SERIAL INTERFACE 
m 2 MHz CLOCK RATE MAX 

a BLOCK WRITE PROTECTION 

eB STATUS REGISTER 

no 16 BYTE PAGE MODE 

e WRITE PROTECT 


a SELF-TIMED 10ms (max) PROGRAMMING 
CYCLE 


BF E.S.D.PROTECTION GREATER than 4000V 
a SUPPORTS NEGATIVE CLOCK SPI MODES 


DESCRIPTION 


The ST95081 is an 8K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Polysili- 
con CMOS technology. The memory is accessed 
by a simple SPI bus compatible serial interface. 
The bus signals are a Serial clock input (C), a serial 
data input (D) and a serial data output (Q). 


Table 1. Signal Names 
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February 1995 


This 1s preliminary information on a new product now in development. Details are subject to change without notice 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings “) 


Parameter 


Ambient Operating Temperature: 
Storage Temperature 


pees 
Lead Temperature, Soldering (SO8 package) pc 

(PSDIP8 package) 
Pwo [oupuvotage —SSSSC*d Meow | 
[| ut votagewinvespectioGound —SSSC*;C OS | 
a ee 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) °) 


Figure 2B. SO Pin Connections 


ST95081 
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grade 1 
grade 6 


40 sec 
10 sec 


215 
260 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" 
may Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 


other relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500) 
3. EIAJ IC-121 (Condition C) (200pF, 02) 


DESCRIPTION (cont'd) 


The device connected to the bus is selected when 
the chip select input (S) goes low. Communications 
with the chip can be interrupted with a hold input 
(HOLD). The write operation is disabled by a write 
protect input (W). 

Data are clocked in during the high to low transition 
of clock C, data are clocked out during the low to 
high transition of clock C. 


SIGNALS DESCRIPTION 


Serial Output (Q). The output pin is used to trans- 
fer data serially out. Data is shifted out on the rising 
edge of the serial clock. 


Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the falling edge of the serial clock. 
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Figure 3. Data and Clock Timing 


CPOL CPHA 


ST95081 


oD 9 SD CD GND GED GE 


Figure 4. Microcontroller and SPI Interface Set-up 


MICROCONTROLLER 
(ST6, ST7, ST9) 


SPI Interface with 
(CPOL, CPHA) = 
(‘O'", '1') or (‘1', ‘0') 


Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad- 
dresses, or data present at the input pin are latched 
on the falling edge of the clock input, while data on 
the Q pin changes after the rising edge of the clock 
input. 

Chip Select (S). When S is high, the ST95081 is 
deselected and the D output pin is at high imped- 
ance and unless an internal write operation is 
underway the S95081 will be in the standby power 
mode. S low enables the ST95081, placing it in the 
active power mode. It should be noted that after 
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power-on, a high to low transition on S is required 
prior to the start of any operation. 


Write Protect (W). This pin is for hardware write 
protect. When W is low, non-volatile writes are 
disabled but any other operation stays enabled. 
When W is high, all operations including non-vola- 
tile writes are available. W going low at any time 
before the last bit DO of the data stream will reset 
the write enable latch and prevent programming. 
No action on W or on the write enable latch can 
interrupt a write cycle which has commenced. 
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Hold (HOLD). The HOLD pin is used to pause 
serial communications without resetting the serial 
sequence. To take the Hold condition into account, 
the product must be selected (S = 0). Then the Hold 
state is validated by a high to low transition on 
HOLD when C is low. To resume the communica- 
tions, HOLD is brought high when C is low. During 
Hold condition D, Q, and C are at a high impedance 
state. 


When the ST950871 is under Hold condition, it is 
possible to deselect it. However, the serial commu- 
nications will remain paused after a reselect, and 
the chip will be reset. 


The ST95081 can be driven by a microcontroller 
with its SPI peripheral running in either two of the 
following modes: (CPOL, CPHA) = (’1’, 0’) or 
(CPOL, CPHA) = (’0’, ’1’). 

For these two modes, input data are latched in by 
the high to low transition of clock C, and output data 
are available from the low to high transition of Clock 
(C). 


The difference between (CPOL, CPHA) = (0, 1) and 
(CPOL, CPHA) = (1, 0) is the stand-by polarity: C 
remains to ’0’ for (CPOL, CPHA) = (0, 1) and C 
remains to 1 for (CPOL, CPHA) = (1, 0) when there 
is no data transfer. 


OPERATIONS 


All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first falling edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the falling edge of the clock input 
(C). To enter an instruction code, the product must 
have been previously selected (S = low). Table 4 
shows the instruction set and format for device 


Table 4. Instruction Set 


Notes: A = 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 


es 


operation. When an invalid instruction is sent (one 
not contained in Table 4), the chip is automatically 
deselected. For operations that read or write data 
in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don’t care. 


Write Enable (WREN) and Write Disable (WRDI) 


The ST95081 contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 


— Wpin is low 

— Power on 

— WRDI instruction executed 
— WRSR instruction executed 
— WRITE instruction executed 


As soon as the WREN or WRDI instruction is 
received by the ST95081, the circuit executes the 
instruction and enters a wait mode until it is dese- 
lected. 


Table 3. Write Protected Block Size 


Status Register 
Bits 


sm 
ee 


Array 
Addresses 
Protected 


300h - 3FFh Upper quart 
200h - 3FFh Upper half 
000h -3FFh | Whole memory 


Protected 
Block 
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Figure 5. Block Diagram 


Control! Logic 


I/O Shift Register 


Address Register 
and Counter 


Y Decoder 


ST95081 


High Voltage 


Generator 


Data 
Register 


Protect 


16 Bytes 


Read Status Register (RDSR) 


The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 
ST95081 enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 


Al01272 


The status register format is as follows: 


b7 


bo 
p+ fs | s | + [ert] pro |wer) wor | 


BP1, BPO: Read and write bits 
WEL, WIP: Read only bits. 
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Figure 6. Read Operation Sequence 


0123 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21. 22 23 


i INSTRUCTION 


ce 


BYTE ADDRESS 


ERRRARRY 


DATA OUT 


HIGH IMPEDANCE a (3) (5) (3) (3) (2V7) (0) 


OPERATIONS (cont'd) 


During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid and can be read. 
During anon volatile write to the status register, the 
only bits WEL and WIP are valid and can be read. 
The values of BP1 and BPO read at that time 
correspond to the previous contents of the status 
register. 


The Write-In-Process (WIP) read only bit indicates 
whether the ST95081 is busy with a write opera- 
tion. When set to a ’1’ a write is in progress, when 
set to a 0’ no write is in progress. 


The Write Enable Latch (WEL) read only bit indi- 
cates the status of the write enable latch. When set 
to a’1’ the latch is set, when set to a 0’ the latch is 
reset. The Block Protect (BPO and BP1) bits indi- 
cate the extent of the protection employed. These 
bits are set by the user issuing the WRSR instruc- 
tion. These bits are non-volatile. 


Write Status Register (WRSR) 


The WRSR instruction allows the user to select the 
size of protected memory. The ST95081 is divided 
into four 2048 bit blocks. The user may read the 
blocks but will be unable to write within the selected 
blocks. The blocks and respective WRSR control 
bits are shown in Table 3. 
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When the WRSR instruction and the 8 bits of the 
Status Register are latched-in, the internal write 
cycle is then triggered by the rising edge of S. This 
rising edge of S must appear after the 8th bit of the 
Status Register content (it must not appear a 17th 
clock pulse before the rising edge of S), otherwise 
the internal write sequence is not performed. 


Read Operation 


The chip is first selected by putting S low. The serial 
one byte read instruction is followed by a one byte 
address (A7-A0O), each bit being latched-in during 
the falling edge of the clock (C). Bit 4 of the read 
instruction contain address bit A8 (most significant 
address bit). Then, the data stored in the memory 
at the selected address is shifted out on the Q 
output pin; each bit being shifted out during the 
rising edge of the clock (C). The data stored in the 
memory at the next address can be read in se- 
quence by continuing to provide clock pulses. The 
byte address is automatically incremented to the 
next higher address after each byte of data is 
shifted out. When the highest address is reached, 
the address counter rolls over to Oh allowing the 
read cycle to be continued indefinitely. The read 
operation is terminated by deselecting the chip. 
The chip can be deselected at any time during data 
output. Any read attempt during a non-volatile write 
cycle will be rejected and will deselect the chip. 
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Figure 7. Write Enable Latch Sequence 


HIGH IMPEDANCE 


A!01530 


Figure 8. Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 


i INSTRUCTION BYTE ADDRESS >< DATA BYTE 


KY COCCC CTC 000.0000.0 


HIGH IMPEDANCE 
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Figure 9. Page Write Operation Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
(a 


i INSTRUCTION BYTE ADDRESS DATA BYTE 1 


oo UO C0,.0,0,0000000.00,0.0 


24 25 26 27 28 29 30 31 


DATA BYTE 2 DATA BYTE N DATA BYTE 16 


EXEXEXEXEXEXNOMNENENENENEANCANENENENEAEN ND 
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Figure 10. RDSR: Read Status Register Sequence 


012 3 4 5 6 7 8 9 10 11 12 13 14 15 
(g 


a INSTRUCTION ——>: 


STATUS REG. OUT 


HIGH IMPEDANCE O) 6 (3) (.\ (s) (2\ G (0) 


MSB 


Al01533 


8/17 
ee ky 3& aS OMe ON 
406 


Figure 11. WRSR: Write Status Register Sequence 
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23 4 5 6 7 8 9 10 11 12 13 14 15 


i INSTRUCTION 


STATUS REG. 


HIGH IMPEDANCE 


Byte Write Operation 


Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc- 
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is issued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95081 will set 
the write enable latch and then remain in standby 
until it is deselected. Then, the write state is entered 
by selecting the chip, issuing two bytes of instruc- 
tion and address, and one byte of data. 


Chip Select (S) must remains low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. lf not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 


Page Write Operation 


A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
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must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. Apage address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous written data. The programming cycle will 
only start if the S transition does occur just after the 
eigth bit of data of a word is received. 


POWER ON STATE 


After a Power up the ST950871 is in the following 
state: 


— The device is in the low power standby state. 

— The chip is deselected. 

— The chip is not in hold condition. 

— The write enable latch is reset. 

— BP1 and BPO are unchanged (non-volatile bits). 
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Figure 12. EEPROM and SPI Bus 


MASTER 


ST95xxx 


CS3 CS2 CSI! Ss 
L) 


DATA PROTECTION AND PROTOCOL SAFETY 
— Allinputs are protected against noise, see Table 
3 


— Non valid S and HOLD transitions are not taken 
into account. 

— S must come high at the proper clock count in 
order to start a non-volatile write cycle (in the 
memory array or in the cycle status register), i.e. 
the Chip Select S must rise during the clock pulse 
following the introduction of a multiple of 8 bits. 

— Access to the memory array during non-volatile 
programming cycle is cancelled and the chip is 
automatically deselected; however, the pro- 
gramming cycle continues. 
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— After either of the following operations (WREN, 
WRDI, RDSR) is completed, the chip enters a 
wait state and waits for a deselect. 

— The write enable latch is reset upon power-up. 

— The write enable latch is reset when W is brought 
low. 


INITIAL DELIVERY STATE 


The device is delivered with the memory array ina 
fully erased state (all data set at all "1’s" or FFh). 
The block protect bits are initialized to 00. 
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AC MEASUREMENT CONDITIONS Figure 13. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing 

Reference Voltages 0.3Vcc to 0.7Vcc 

Output Load C_ = 100pF 


Alo0825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 5. Input Parameters “ (Ta = 25 °C, f = 2 MHz) 


Input Signal Pulse Width Filtered Out 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


Input Leakage Current 
Output Leakage Current 


Vcc Supply Current (Active) Goon 
Vcc Supply Current (Standby) 

Input Low Voltage 

Input High Voltage 
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Table 7. AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C; Vcc = 4.5V to 5.5V) 


| ait | 

[te [sett 

[| Saat ater Fang Eero of | 
oe oS i 3 we 
Tim | Owctowtime —SSSC*dSSSCS~wC dd 
a 
[te [otras D+ 
HOLD Setup Time 


Clock High Hold Time after HOLD 
Active 


HOLD Hold Time 


Clock High Set-up Time before HOLD 
Inactive 

S not Active after Falling Edge of C 

S not Active before next C Pulse 


HOLD iiss to cial Low-Z 


Note: 1. Not enough characterisation data were available on this parameter at the time of issue this Data Sheet. The typical value is well 
below 5ms, the maximum value will be reviewed and lowered when sufficient data are available. 
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Figure 14. Serial Input Timing 


HIGH IMPEDANCE 
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Figure 15. Hold Timing 
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Figure 16. Output Timing 


MSB OUT A MSB-1 OUT LSB OUT 


ADDR LSB IN x 
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ORDERING INFORMATION SCHEME 


Example: ST95081 M 6 TR 


Temperature Range 


Data Strobe 


81* DV. Q jf B  PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25 mm Frame 3* 4010 125°C Packing 
ee 6 -40 to 85°C 


Notes: 81 * Data In strobed on falling edge of the clock (C) and Data Out synchronized from the rising edge of the clock. 
3" Temperature range on special request only. 


For a list of available options (Package, Temperature Range, etc...) refer to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP$8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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PARALLEL ACCESS 16K (2K x 8) EEPROM 


PRODUCT PREVIEW 


=» FAST ACCESS TIME: 70ns 
=» SINGLE 5V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION: 
~— Active Current 30mA 
— Standby Current 100A 
a FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 2ms Max 
# ENHANCED END OF WRITE DETECTION: 
— Data Polling 
— Toggle Bit 
» PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
=» JEDEC APPROVED BYTEWIDE PIN OUT 
=» ADDRESS and DATA LATCHED ON-CHIP 
= SOFTWARE DATA PROTECTION 


DESCRIPTION 


The M28C16 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (70ns) with low power dissipation 
and requires a 5V power supply. 


Table 1. Signal Names 


JE | chipenable 


Supply Voltage 


February 1995 


S024 (MS) 
300 mils 


Figure 1. Logic Diagram 


CES Dao-Da7 


M28C16 
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This is preliminary information on a new product now in development. Details are subject to change without notice 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M28C16 
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Warning: NC = No Connections, DU = Don’t Use 


Figure 2C. SO Pin Connections DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Data Polling and 
Toggle Bit. The M28C16 supports 64 byte page 
write operation. A Software Data Protection (SDP) 
is also possible using the standard JEDEC algo- 
rithm. 


PIN DESCRITPION 


Mestle Addresses (A0-A10). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


xinsio Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28C16 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28C16. 
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Table 2. Absolute Maximum Ratings ") 


ba Ambient Operating Temperature: 


Storage Temperature Range 


TA 
Supply Voltage 
Input/Output Voltage 


Input Voltage 


Vesp 


M28C16 


grade 1 
grade 3 
grade 6 


— 40 to 125 
— 40 to 85 


Electrostatic Discharge Voltage (Human Body model) ) 


Note: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


Table 3. Operating Modes “) 


Standby / Write Inhibit 
Write Inhibit 


Chip Erase 


Notes: 1. X= Vinor Vit 
2. Vin = 12V+5% 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28C16 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The I/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28C16 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 


ky SESone Manes 


Data Out or iz 


occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A6-A10 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data after the rising 
edge of E or W which ever occurs first (twHwn). If 
a transition of E or W is not detected within a 
minimum time (twHwH max), the internal program- 
ming cycle will start. 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 


A6-A10 
(Page Address) 


X DECODE 


ADDRESS 
LATCH 


Y DECODE 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 
applied to the Write Enable pin. 


Microcontroller Control Interface 


The M28C16 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQN 


Lop | 78 [purs| wiz | Wiz | HZ | Hiz | HZ | 
DP 


Data Polling 


Toggle Bit 
= Page Load Timer Status 


64K ARRAY 


SENSE AND DATA LATCH 


//O BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 
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Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28C16 also offers another 
way for determining when the internal write cycle 
is completed. During the internal Erase/Write cycle, 
DQ6 will toggle from "0" to "1" and "1" to "0" (the 
first read value is "0") on subsequent attempts to 
read the memory. When the internal cycle is com- 
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low (tptts). DQ5 Low indicates the timer is 
running, High indicates time-out after which the 
write cycle will start and no new data may be input. 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE AOh in 
Address 555h 


SDP is set 


Page 
Write 
Instruction 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 80h in 
Address 555h 


Page 
Write 


Instruction 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 20h in 
Address 555h 


Unprotected State 
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WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE A0oh in 
Address 555h 


WRITE Data to 
be Written in 
any Address 


Page 
Write 
Instruction 


WRITES 
"are enabled 


WRITE IN MEMORY 
WHEN SDP IS SET 
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Software Data Protection 


The M28C16 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28C16 is shipped as standard in the "unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 7. AC Testing Input Output Waveforms DEVICE 


UNDER 
TEST 


_ 


C,_ includes JIG capacitance 
Al01129 


Test Condition | Min __| 
Input Capacitance ee 
Output Capacitance | Vour=ov | 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


[symbet | __Pavaneter___—_———‘| Test Condtion [in 

is | mputtestage Curent «| vsvns veo 

To | ouputtectage Cones dav sn sven 
ec 

i 

ae 

a 

= 


inputs) 
Supply Current (CMOS inputs) E=Vun, G=Vi,f=5 MHz 


lu 
ILo 
lec (1) 
(1) 
Supply Current (Standby) CMOS E > Vcc -0.3V 
Vi__| Input Low Voltage ee ee ee 
Vi ete 
VoL 
VoH 


<a 
vee [npr igh tage a 
Tver [ouputtow vtage Seta 


Note: 1. All I/O’s open. 


< 


Table 6. Power Up Timing “') (Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


Time Delay to Read Operation 


Time Delay to Write Operation 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Vcc = 4.5V to 5.5V) 


Test 
™ ia] Soe — 


Address Valid to E= = Vis 
Output Valid i SSCS CSCRCo 
siesta” | ove | |] fo] [eo] [|e 


Output Enable Low 
2 to Output Valid eae t=} fol fs} jols 
Chip Enable High 7 
ae | oe | to Output Hi-Z Gave eee eee 


() | tor Output Enable High 
OF | to Output Hi-Z 


ieee Address Transition a 
to Output Transition 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 
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Figure 9. Read Mode AC Waveforms 


DQ0-DQ7 DATA OUT 
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Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


ieee oe Enable High to Write Enable 
[cin nee ow trates aston | =| 
wee nabie ow tinpuvaie | EavSavn | 
[on nave ow wiratvala | SavmWevu | 
cos 
zs 


oO 
oO 
a) 
pa 


n 


tAH 
tp 
to 
Ww 


V 
V 
P 


{CEH Write Enable High to Chip Enable High 


Write Enable High to Output Enable 
tWHGL tOEH Low 


toEH Chip Enable High to Output Enable Low 
tWEH Chip Enable High to Write Enable High 
Write Enable High to Input Transition 


DH 
DH 


t 
. 
—— 
a 


to Data Valid before Write Enable High 
to Data Valid before Chip Enable High 


50 
0.15 
50 
50 


S 
S 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


AQO-A10 VALID 
—tAVWL tWLAX 


E 


DQ0-DQ7 DATA IN I ok ae 


tDVWH tWHDX 
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Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


A0-A10 VALID 
tAVEL tELAX 


———— 
a: sa 


f 
tELDV Pane tEHWH 


DQ0-DQ7 DATAIN | =) 


tDVEH tEHDX 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


Ww 


DQ0-DQ7 
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Figure 13. Software Protected Write Cycle Waveforms 


2AAh 


tDVWH 


Al01515 


Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be high only when W and E are both low. 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


ee ee 


DQ7 ! DQ7 DQ7 DQ7 


LAST WRITE INTERNAL WRITE SEQUENCE 
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Figure 15. Toggle Bit Waveforms Sequence 


| ae 


RE oes) een 


LAST WRITE TOGGLE 


INTERNAL WRITE SEQUENCE 
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Note: 1. First Toggle bit is forced to '0’ 
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Figure 16. Chip Erase Wavforms 
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Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —-40 to 125°C, Vcc = 4.5V to 5.5V) 


T symiet [Parte «|; Tetondon [ain [tx 
Tem [Cree tvowicemmouw | Sere | s | 
war [vite Ene rgh cre enor | Serev | 8 | | ws 
Tw [wit crate towiownte raven | Saiev | wo | 
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ORDERING INFORMATION SCHEME 


Example: M28C16 -70 K 


| Speed | Package | 
70ns P PDIP24 1 Oto 70°C 
-90 90ns K PLCOC32 3* —40 to 125°C 
-120 120ns MS S024 300mils 6 40 to 85°C 
-150 150ns 


Note: 3* Temperature range on special request only. 


M28C16 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 


Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 


to you. 
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PDIP24 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLCC32 


Drawing is out of scale 
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$024 - 24 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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LOW VOLTAGE PARALLEL ACCESS 16K (2K x 8) EEPROM 


=» FAST ACCESS TIME: 150ns 
= SINGLE 3V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION: 
— Active Current 8mA 
— Standby Current 50nA 
=u FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 3ms Max 
= ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 
— Data Polling 
— Toggle Bit 
= PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
=» JEDEC APPROVED BYTEWIDE PIN OUT 
s SOFTWARE DATA PROTECTION 


DESCRIPTION 


The M28LV17 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V + 10% power supply. 


The M28LV17 offers the same features than the 
M28LV16, in addition to the Ready/Busy pin. 


Table 1. Signal Names 


February 1995 


PRODUCT PREVIEW 


PDIP28 (P) 


PLCC32 (K) 


eS 


1 


S028 (MS) 
300 mils 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 


M28LV17 
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Warning: NC = No Connection, DU = Don’t Use 


Figure 2C. SO Pin Connections 


: M28LV17 
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Warning: NC = No Connection, DU = Don’t Use 
DESCRIPTION (cont’d) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28LV17 supports 64 


Figure 2B. LCC Pin Connections 


Al01573 


Warning: NC = No Connection, DU = Don’t Use 


byte page write operation. A Software Data Protec- 
tion (SDP) is also possible using the standard 
JEDEC algorithm. 


PIN DESCRITPION 


Addresses (A0-A10). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28LV17 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV17. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


2/16 . 
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Table 2. Absolute Maximum Ratings ") 


grade 6 


Electrostatic Discharge Voltage (Human Body model) @) 


M28LV17 


— 40 to 125 
— 40 to 85 


Note: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may 
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


Table 3. Operating Modes ") 


Standby / Write Inhibit Vin 


Chip Erase Vit 


Notes:1. X=Vinor Vi 
2. Vin = 12V+5% 


Read 


The M28LV17 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The I/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28LV17 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 


Vit Data Out or Hi-Z 


Vin (2) : 


programming cycle. All bytes must be located in a 
single page address, that is A6-A10 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data after the rising 
edge of E or W which ever occurs first (twHwn). If 
a transition of E or W is not detected within a 
minimum time (twHwH max), the internal program- 
ming cycle will start. 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 


applied to the Write Enable pin. 


OMSON..._—s—“( wC—C—CSCSCSC‘ AG 
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Figure 3. Block Diagram 


ADDRESS 


A6-A10 LATCH 


(Page Address) 


X DECODE 


ADDRESS 


A0-AS LATCH 


Y DECODE 


Microcontroller Control Interface 


The M28LV17 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 


= Data Polling 
= Toggle Bit 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 


SENSE AND DATA LATCH 


64K ARRAY 


(0 BUFFERS 


PAGE LCAD 
TIMER STATUS 
TOGGLE BIT 

DATA POLLING 


Al01488 


ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28LV17 also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low (tpits). DQ5 Low indicates the timer is 
running, High indicates time-out after which the 
write cycle will start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE AOh in 
Address 555h 


SDP is set 


Page 
Write 
Instruction 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 80h in 
Address 555h 


Page 
Write 


Instruction 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 20h in 
Address 555h 


Unprotected State 


Al01510 


ky 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE AOoh in 
Address 555h 


WRITE Data to 
be Written in 
any Address 


Page 
Write 
Instruction 


WRITES 
are enabled 


WRITE IN MEMORY 
WHEN SDP IS SET 
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Software Data Protection 


The M28LV17 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28LV17 is shipped as standard in the "unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages OV to Vcc -0.3V 


Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


DEVICE 
UNDER 


Figure 7. AC Testing Input Output Waveforms TEST 


C,_ = 100pF 


C,_ includes JIG capacitance 


Al01274 
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Table 4. Capacitance " (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


symbol 
de Input Leakage Current 
bite Output Leakage Current 


lu 
lLo 
loc (1) 

Vin 

VoL 

Vou 


<— aaenanaa 
0 ee 
[va [ovputtow Votage dtm | 

vou [output Voge 


Note: 1. All I/O’s open. 


Table 6. Power Up Timing ™ (Ta = 0 to 70°C, 40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Vcc = 2.7V to 3.6V) 


™ cteame 


PS ee 
jin | x [fapemetorwown | cave | foo] | ef me 
a eee ee 
eat) ne eee ele 
aeanee™ | ew |e [| o | | o |e | me 
[wo | om [Sarton [Eve] o | | o | fo | fw 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


M28LV17 


Test Condition 


Figure 9. Read Mode AC Waveforms 


tAVQV 


\ 4 
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DQO-DQ7 DATA OUT 
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Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


Address Valid to Write Enable Low E=Vi, G=Vin fo | | ons 
Address Valid to Chip Enable Low G= Vin, We Vit Pfs | nee 


hte Enable High to Write Enable Ey po 


Tr | wr [wie et ow ates Tansten | 
x | meet Linnie natin |__|‘ 


c 
77) 


~ 
” 


Write Enable High to Input Transition 
Chip Enable High to Input Transition 


Tne | tw [Wie eae ign orenorteytow | veer [| 0 | we 
tom | tw [open gioendyouy ow [newt [| 50 | we 
ee a 
ios | es [oeavairetrectinentenih [it | 


Note: 1. With a 3.3 kQ pull-up resistor. 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


bao-par ! DATA | 


tDVWH 


Al01512 


Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


VALID 


tAVEL tELAX 


Se = 


tEHWH 


{ 


DQ0-DQ7 DATA IN Ree 


tDVEH tEHDX 
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ss 9/16 
Ky7 SSS-THOMSON —___sil 
443 


M28LV17 


Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


DQ0-DQ7 


Figure 13. Software Protected Write Cycle Waveforms 


a 
i—i— tWHDX 


DQ0-DQ7 
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Byte Address x 


Page Address 


Byte 0 Byte 62 Byte 63 


Al01515 


Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been 


entered. G must be high only when W and E are both low. 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


LAST WRITE INTERNAL WRITE SEQUENCE 
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Figure 15. Toggle Bit Waveforms Sequence 


r- 


LAST WRITE TOGGLE 


INTERNAL WRITE SEQUENCE 


Al01517 


Note: 1. First Toggle bit is forced to ’0’ 
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Figure 16. Chip Erase Wavforms 
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Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


[symiat | _Pasmetw ‘| tstcondn [wn [wax | oan 
thee chinese | Gaew | s [| wm 
Tw [wie eneioLowtowinenioign | Save | | me 
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ORDERING INFORMATION SCHEME 


Example: M28s_vi7 -200 K 1 


Temperature Range 


-150 150ns P PDIP28 1 0 to 70°C 
-200 200ns K PLOC32 3* -40 to 125 °C 
-300 300ns MS S028 300mils 6 -40to 85°C 


Note: 3%* Temperature range on special request only. 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLCC32 


Drawing is out of scale 
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$028 - 28 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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PARALLEL ACCESS 64K (8K x 8) EEPROM 


# FAST ACCESS TIME: 70ns 
=» SINGLE 5V + 10% SUPPLY VOLTAGE 
» LOW POWER CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 
= FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 2ms Max 
=» ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 
— Data Polling 
— Toggle Bit 
= PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
=» JEDEC APPROVED BYTEWIDE PIN OUT 
=» ADDRESS and DATA LATCHED ON-CHIP 
= SOFTWARE DATA PROTECTION 


DESCRIPTION 


The M28C64 is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (7Ons) with low power dissipation 
and requires a 5V power supply. 


Table 1. Signal Names 


Vec 
Vss 


February 1995 


PRELIMINARY DATA 


PLCC32 (K) 


S028 (MS) 


TSOP28 (N) 
300 mils 


8 x13.4mm 


Figure 1. Logic Diagram 


YT DQ0-DQ7 


M28C64 
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Table 2. Absolute Maximum Ratings “) 


symbol 


*) Ambient Operating Temperature: 0 to 70 


TA 
— 40 to 125 
| Vec__[SupplyVoltage = —C“‘CSCO*SCOC“OStO8S =~ SOV 
| Vio | Inputioutput Voltage Cd 0.8 toVoc 10.6 =| VC 
| Mi |inputvotage —C—C—“‘;S™*C*r:SCw BOG | 
Electrostatic Discharge Voltage (Human Body model) 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” may 
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 


2. 100pF through 15002; MIL-STD-883C, 3015.7 
Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M28C64 


Al01351B 


Al01352B 
Warning: DU = Don’t Use Warning: NC = No Connections, DU = Don’t Use 
Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections 


M28C64 
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Warning: DU = Don’t Use Warning: DU = Don't Use 
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Figure 3. Block Diagram 


AG-A12 ADDRESS Eo 
(Page Address) 


LATCH 


X DECODE 


ADDRESS 
LATCH 


Y DECODE ss SENSE AND DATA LATCH 


/O BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 
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Table 3. Operating Modes “) 


Ww bae-car 


Vit 


Chip Erase 


Notes: 1. X= Vmor Vir 
2. Vin = 12V+5% 


DESCRIPTION (cont'd) and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64 supports 64 

The circuit has been designed to offer a flexible byte page write operation. A Software Data Protec- 

microcontroller interface featuring both hardware tion (SDP) is also possible using the standard 
JEDEC algorithm. 


= 3/17 
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PIN DESCRITPION 


Addresses (A0-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input con- 


trols the data output buffers and is used to initiate 


read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28C64 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28C64 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The 1/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28C64 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A6-A12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data up to a maxi- 
mum of 100us after the rising edge of E or W which 
ever occurs first (taLc). If a transition of E or W is 
not detected within 100us, the internal program- 
ming cycle will start. 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 
applied to the Write Enable pin. 


Microcontroller Control Interface 


The M28C64 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQON 


ro [re [rurs[uiz[ wiz | wiz] wz [nie 


= Data Polling 


= Toggle Bit 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28C64 also offers another 
way for determining when the internal write cycle 
is completed. During the internal Erase/Write cycle, 
DQ6 will toggle from "0" to "1" and "1" to "O" (the 
first read value is "0") on subsequent attempts to 
read the memory. When the internal cycle is com- 
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W up to 
100s after the previous byte. Up to 64 bytes may 
be input. The Data output (DQ5) indicates the 
status of the internal Page Load Timer. DQ5 may 
be read by asserting Output Enable Low (tptts). 
DQ5 Low indicates the timer is running, High 
indicates time-out after which the write cycle will 
start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 
Address 1555h 
WRITE 55h in 
Address OAAAh 
WRITE A0Oh in 
Address 1555h 


SDP is set 


Page 
Write 
Instruction 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAb in 

Address 1555h 
WRITE 55h in 
Address OAAAh 
WRITE 80h in 

Address 1555h 


Page 
Write 


Instruction 


WRITE AAh in 

Address 1555h 
WRITE 55h in 
Address OAAAh 
WRITE 20h in 

Address 1555h 


Unprotected State 


Al01357 


ky 


WRITE AAh in 

Address 1555h 
WRITE 55h in 
Address 0AAAh 
WRITE A0oh in 

Address 1555h 


WRITE Data to 
be Written in 
any Address 


Page 
Write 
Instruction 


WRITES 


are enabled 


WRITE IN MEMORY 
WHEN SDP IS SET 
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Software Data Protection 


The M28C64 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28C64 is shipped as standard in the "unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 7. AC Testing Input Output Waveforms DEVICE 


UNDER 
TEST 


i 


C,_ includes JIG capacitance 


Al00826 


Al01129 


Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Vcc = 4.5V to 5.5V) 


Tsymoet| Parameter ———_—|_TestCondtion [win 
is [eputtzstage Gurent «tv sVwsven 
To | oupttestage cure dt ove Vnsven | 
=. 
ae 
= 
2 
ani 


Twa [iputtowvotage 
Vn | puttin vetages 


Note: 1. All l/O’s open. 


Supply Current (Standby) TTL 


Table 6. Power Up Timing “ (Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


wa Cs al 


Address Valid to E= = Vi 
Output Valid Bet tel tel lel tele 
Chip Enable Low to 2 
Output Valid oe | fm] fof fro] [10] me 
Output Enable Low 
jay | toe | to Output Valid pew | fs] fo] fs] [ole 
Chip Enable High 
it to Output Hi-Z cat BEE js0 | os 
Output Enable High E- 
to Output Hi-Z a 
Address Transition 
to Output Transition 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


M28C64 


Test 
Condition 


ie) io) 
ol o1 


Figure 9. Read Mode AC Waveforms 


DQ0-DQ7 DATA OUT 


Al00749 


Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Voc = 4.5V to 5.5V) 


tas Address Valid to Write Enable Low 
t Address Valid to Chip Enable Low G Ww 


tELAX 
1 
ov 


tWHGL 


t 
t 


=) 
” 


G) 
Hl 
_ 
> 
= 
r 
< 
— 


S 


| 
i 

< 

<= 


m 
Il 
< 
- 


Chip Enable Low to Write Enable Low 


Output Enable High to Write Enable 
Low 


Output Enable High to Chip Enable Low W=ViL 


oy 
i 
= 
( 

o) 

N 

< 

= 


9) 
| 
< 
= 
= 
Il 
< 
| mt 


Write Enable Low to Chip Enable Low 


H Chip Enable Low to Address Transition fe, eee. | 


V Write Enable Low to Input Valid E=Vi,G=Vin 


t 
t 


= 
77) 


A 

A 

AH Write Enable Low to Address Transition 
A 

D 

D 


c 
77) 


=) a) 
n ” 


Chip Enable Low to Input Valid 


Chip Enable Low to Chip Enable High oy 
Write Enable High to Chip Enable High Pe Te 


Write Enable High to Output Enable 
Low 
Chip Enable High to Output Enable Low as ea 


Chip Enable High to Write Enable High 


Write Enable High to Input Transition Po el 


on 
oO 


tDH 
tbH Chip Enable High to Input Transition 


Write Enable High to Write Enable Low Pw 


Write Enable Low to Write Enable High 


Byte Load Repeat Cycle Time Ld 0.15 


je 
oO 


= 
© 
jon) 


Write Cycle Time 


Note: 1. With a 3.3 kQ pull-up resistor. 


Write Enable High to Ready/Busy Low 


B Chip Enable High to Ready/Busy Low 


DS 
fp) 


” mn 


Data Valid before Write Enable High 


—_ | oo 
o1 } O71 ft PM 
oO }| © 


D 
DS 
DS 


t Data Valid before Chip Enable High 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


VALID 


tAVWL tWLAX 


DQ0-DQ7 
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Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


tOVEH tEHDX 


AI00751 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


DQO0-DQ7 


Alo0752C 


Figure 13. Software Protected Write Cycle Waveforms 


aa Byte Address 


aes tWHDX 


} 


DQ0-DQ7 Byte 62 Byte 63 


Al01358 


Note: A6 through A12 must specify the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be high only when W and E are both low. 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


LAST WRITE 


INTERNAL WRITE SEQUENCE 
Al00753C 


Figure 15. Toggle Bit Waveforms Sequence 


| aaaE aa ae a 


=| 


LAST WRITE TOGGLE READY 
INTERNAL WRITE SEQUENCE 
Al00754D 
Note: 1. First Toggle bit is forced to ’0’ 
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Figure 16. Chip Erase AC Waveforms 


Al01484 


Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V 
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ORDERING INFORMATION SCHEME 


Example: M28C64 -70 K 


| Speed si | ss Package 
70ns P PDIP28 1 0to 70°C 
-90 90ns K PLCC32 3* -—40t0 125°C 
-120 120ns MS $028 300 mils 6 -40to 85°C 
-150 150ns N TSOP28 
8 x 13.4mm 


Note: 3* Temperature range on special request only. 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLOC32 


Drawing is out of scale 
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$028 - 28 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 


TSOP28 


Drawing is out of scale 
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PARALLEL ACCESS 64K (8K x 8) EEPROM 


=» FAST ACCESS TIME: 150ns 
=» SINGLE 5V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION 
— Active Current 30mA 
— Standby Current 100A 
s FAST WRITE CYCLE 
— 32 Bytes Page Write Operation 
— Byte or Page Write Cycle: 5ms 
#» ENHANCED END OF WRITE DETECTION 


— Ready/Busy Open Drain Output 
(for M28C64C product only) 


— Data Polling 
— Toggle Bit 
=» PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
=» JEDEC APPROVED BYTEWIDE PIN OUT 
# ADDRESS and DATA LATCHED ON-CHIP 


DESCRIPTION 


The M28C64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 
and requires a 5V power supply. 


Table 1. Signal Names 


fe [cheno 
a 


March 1995 


PDIP28 (P) 


= 
\at 
1 


% 
DV 


S028 (MS) 


TSOP28 (N) 
300 mils 


8 x13.4mm 


Figure 1. Logic Diagram 


x 7» DQ0-DQ7 


4 M28C64C 


Al00746B 
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Table 2. Absolute Maximum Ratings 
symbol | Parameter, =| Value | Unit 


Ambient Operating Temperature: grade 1 
grade 6 — 40 to 85 
Electrostatic Discharge Voltage (Human Body model) 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M28C64C 


Al00747C 
Al00748C 


Warning: DU = Don't Use Warning: NC = No Connections, DU = Don’t Use 


Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections 


3 M28C64C 


Al00876C 


Al01016D 
Warning: DU = Don’t Use Warning: DU = Don’t Use 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 


A5-A12 
(Page Address) 


X DECODE 


ADDRESS 
LATCH 


Y DECODE | 


Table 3. Operating Modes 


Output Disable 
Note: X = Vin or Vit 


DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking mode with Ready/Busy, 
Data Polling and Toggle Bit. The M28C64C sup- 
ports 32 byte page write operation. 


M28C64C, M28C64X 


64K ARRAY 


SENSE AND DATA LATCH 


/O BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 


Al00877C 


PIN DESCRITPION 


Addresses (A0-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


. 3/14 
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PIN DESCRIPTION (cont'd) 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28C64C through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64C. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28C64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the I/O pins. The I/O 
pins are high impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28C64C supports both 
“E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 32 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5 - A12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data up to a maxi- 
mum of 100s after the rising edge of E or W which 
ever occurs first (tpLc). If a transition of E or W is 
not detected within 100us, the internal program- 
ming cycle will start. 


Microcontroller Control Interface 


The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQS DQ4 DQ3 DQ2 DQi DQO 


= Data Polling 
= Toggle Bit 


TB 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28C64C also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read any address in the memory. When the 
internal cycle is completed the toggling will stop and 
the device will be accessible for a new Read or 
Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W up to 
100s after the previous byte. Up to 32 bytes may 
be input. The Data output (DQ5) indicates the 
Status of the internal Page Load Timer. DQ5 may 
be read by asserting Output Enable Low (texts). 
DQ5 Low indicates the timer is running, High 
indicates time-out after which the write cycle will 
start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 5. AC Testing Input Output Waveforms DEVICE 


UNDER 
TEST 


C,_ includes JIG capacitance 
Al01129 


Symbol 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics (Ta = 0 to 70°C or —40 to 85°C, Vcc = 4.5V to 5.5V) 


Test Condition 
Input Leakage Current 
Output Leakage Current 


Input Low Voltage 
Input High Voltage 


Note: 1. All 1/O’s open. 


Table 6. Power Up Timing “ (Ta = 0 to 70°C or —40 to 85°C, Vcc = 4.5V to 5.5V) 


Time Delay to Read Operation 
Time Delay to Write Operation 
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Table 7. Read Mode AC Characteristics 


(Ta = 0 to 70°C or —40 to 85°C, Voc = 4.5V to 5.5V) 


Siesta” | E-ve Sev SSCS 5@CC 
Chip Enable Low to = 
j tao | te Output Valid O00) 
Output Enable Low to 
es Output Valid iad ete 
' Chip Enable High to 
EHaZ Output Hi-Z 


Test Condition 


Output Enable High to 

Output Hi-Z 
Address Transition to 

Output Transition E=Vu, G= Vi 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


Figure 7. Read Mode AC Waveforms 


VALID 


tAVQV 


DQ0-DQ7 DATA OUT 


Al00749 


Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C, Vcc = 4.5V to 5.5V) 


ne eae 
Pie tami [Pam D 

wr [einen Lowiecrooionin [id 
Ss 


Write Enable High to Output Enable 
tWHGL toEH Raw 


a ea Ts 
Tew [her [esp en gnowieeaseragn [ 
Two | tor [weenie Hono ipa ranten [| 
To [owemvermererTanin [| 
ea 

Te 


a | _) 
wn n 


=) 
” 


=) 
” 


oC 
we | ts [We rae igh orentytow | wow || | ve 
Tice | te | pert igh oRenyanytow [nowt || 80 | 
ee 
es 


Note: 1. With a 3.3 kQ pull-up resistor. 


a) a) 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 


A0-A12 VALID 
tAVWL tWLAX 


E 


tWLDV 


DQ0-DQ7 DATA IN ee 


tDVWH 
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Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 


VALID 


tAVEL tELAX 


pao-pa7 paraw |) 


tDVEH 


A!00751 
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Figure 10. Page Write Mode AC Waveforms - Write Enable Controlled 


eee ee 


DQ0-DQ7 


Al00752C 


Figure 11. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction x 
, a a 


I a, een OO oe 


LAST WRITE INTERNAL WRITE SEQUENCE 


Al00753C 
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Figure 12. Toggle Bit Waveforms Sequence 


TOGGLE 
INTERNAL WRITE SEQUENCE 


LAST WRITE 


Al00754D 


Note: 1. First Toggle bit is forced to '0’ 


ORDERING INFORMATION SCHEME 


Example: M28C64C -150 K 
cee | Package 
C RB available -150 150 ns P PDIP28 1 0 to 70 °C 
X RB not bonded -200 200 ns K PLCC32 6 —40to85°C 
(pin NC) 250 —-250ns MS $028 300 mils 
N TSOP28 
8 x 13.4mm 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS- THOMSON Sales Office nearest 
to you. 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLOC32 


Drawing is out of scale 
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$028 - 28 lead Plastic Small Outline, 300 mils body width 


ee re ee a ee ee 


Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 


TSOP28 


Drawing is out of scale 
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LOW VOLTAGE PARALLEL ACCESS 16K (2K x 8) EEPROM 


=» FAST ACCESS TIME: 150ns 
= SINGLE 3V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION: 
— Active Current 8mA 
— Standby Current 50uA 
=» FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 3ms Max 
=» ENHANCED END OF WRITE DETECTION: 
— Data Polling 
— Toggle Bit 
= PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
a JEDEC APPROVED BYTEWIDE PIN OUT 
=» ADDRESS and DATA LATCHED ON-CHIP 
= SOFTWARE DATA PROTECTION 


DESCRIPTION 


The M28LVi6 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V + 10% power supply. 


Table 1. Signal Names 


February 1995 


PRODUCT PREVIEW 


PDIP24 (P) 


PLCC32 (kK) 


1 


S024 (MS) 
300 mils 


Figure 1. Logic Diagram 


“TS Dao-DQ7 


M28LV16 


Al01567 
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This ts preliminary information on a new product now in development. Details are subject to change without notice 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M28LV16 


Al01568 


Al01569 


Warning: NC = No Connections, DU = Don’t Use 


Figure 2C. SO Pin Connections DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Data Polling and 
Toggle Bit. The M28LV16 supports 64 byte page 
write operation. A Software Data Protection (SDP) 
is also possible using the standard JEDEC algo- 
rithm. 


PIN DESCRITPION 


MeoNle Addresses (A0-A10). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28LV16 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV16. 


Al01570 
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Table 2. Absolute Maximum Ratings “) 


Ambient Operating Temperature: 


symbol | Parameter | Value | Unit 


grade 1 0 to 70 
grade 3 — 40 to 125 °C 
grade 6 — 40 to 85 


| Tsts__| Storage Temperature Range | 8510150 | 
| Voc | SupplyVoltage | 08065 | 
| Vio | npuvOutputvotage | 0.8 t0Vo0 10.6 | 
| vi |inputvotage T0065 | 

oes 


Electrostatic Discharge Voltage (Human Body model) @) 


M28LV16 


°C 
V 
V 
V 
V 


4000 


Note: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may 
Cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


Table 3. Operating Modes “) 


DQO - DQ7 


Wie Inhibit 
Output Disable 


Chip Erase 


Notes: 1. X=Vinor Vit 
2. Vn =12V+5% 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28LV16 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The I/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28LV16 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 


Vin Data Out or Hi-Z 


ViL 


occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A6-A10 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data after the rising 
edge of E or W which ever occurs first (twHwy). If 
a transition of E or W is not detected within a 
minimum time (twHwH max), the internal program- 
ming cycle will start. 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 


A6-A10 
(Page Address) 


X DECODE 


ADDRESS 
LATCH 


Y DECODE 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 
applied to the Write Enable pin. 


Microcontroller Control Interface 


The M28LV16 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQOD 


Lop | te |purs| Wiz | iz | HZ | Hz | HAZ 


DP = Data Polling 


TB Toggle Bit 
PLTS = Page Load Timer Status 


64K ARRAY 


SENSE AND DATA LATCH 


' VO BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 
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Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28LV16 also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low (tpits). DQ5 Low indicates the timer is 
running, High indicates time-out after which the 
write cycle will start and no new data may be input. 


4/16 . 
= kyy 3fiScnttorscines 


486 


M28LV16 


Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE A0Oh in 
Address 555h 


SDP is set 


Page 
Write 
Instruction 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 80h in 
Address 555h 


Page 
Write 


Instruction 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 20h in 
Address 555h 


Unprotected State 
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WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE AOh in 
Address 555h 


WRITE Data to 
be Written in 
any Address 


Page 
Write 
Instruction 


WRITES 
are enabled 


WRITE IN MEMORY 
WHEN SDP IS SET 


Al01509 


Software Data Protection 


The M28LV16 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28LV16 is shipped as standard in the “unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages OV to Vcc -0.3V 


Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


DEVICE 
UNDER 


Figure 7. AC Testing Input Output Waveforms TEST 


See | CL = 100pF 


C,_ includes JIG capacitance 
Al01396 


Symbol 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


[symbol | Parameter [Test Condition | Min 
Input Leakage Current ee ee 
Output Leakage Current ae ee 
Vit 
Vin 


Tv [iputtowvotage dT SC*dC os 
Tv [ovputtow votage——SS~dY tm tiad|i oa eo | 
[vou [outputrignvotage «dt teeta foes | dL 


Note: 1. All I/O’s open. 


Table 6. Power Up Timing ™ (Ta = 0 to 70°C, 40 to 85°C or -40 to 125°C, Vcc = 2.7V to 3.6V) 


a 
[wn [Tne beep oReedopeaion 
[ay [tne DetaytoWitoOpoaton ——SSSC~i Cm 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


M28LV16 
Symbol Parameter 


cian ces ree 
fom [m= faprmmimeone [oon [foe] fom] [ml 
= fee ee [ol do] fle 
a| w= farremwmone [ace Tole lo [el «[o[™ 
iow fara [ee Tafel [el «fol = 
fom [w= fepramien ewes [oT ToT [oT fo 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


Test Condition 


Figure 9. Read Mode AC Waveforms 


VALID 


tAVQV 


\ {| 


DQ0-DQ7 DATA OUT 
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Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V 


) 
[Paamstor | esiConation | wn 
ios aia wi crac ow | EvuS=vw | 0 


um) 
” 


ta 
ta 


E= 
ee ea 
s_ | Wt tie owinGipErae ow | uvw | 0 
oe ee 

in [op abe Lovie toss Taaton [=i 
[Wits rate oviorpavens | Ecvu Som | 
wo [oivembetowemmuvadd | Sevntieve | 


tCEH Write Enable High to Chip Enable High 


Ss 
S 
H 
H 
Vv 


A 
A 
D 


i?) 


n 


DV 
P 


Write Enable High to Output Enable 
tWHGL toEH low 


cor [epee ego ouperaietov | ido 


t 


be 
, ee! 
! Ce 
tw | Wite Enable Hight Write Enable Low | 
we__| Wite Enable Lowto Write Enable High | 
3 pf ots | 100 | 
| Ce a [in 

fe eet 

Ce 


ns 
ns 
S 
S 
ns 
ns 


t 
t 


DS 
: 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


A0-A10 VALID 
tAVWL tWLAX 


DQ0-DQ7 DATA IN loa) 


tDVWH tWHDX 
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Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


pe = 


fi 
tELDV <> tEHWH 


pao-bar DATA | 


tDVEH tEHDX 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


Ww 


DQ0-DQ7 
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Figure 13. Software Protected Write Cycle Waveforms 


_—- Byte Address 


yea tWHDX 
er ae 
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Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be high only when W and E are both low. 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


INNIS 


LAST WRITE INTERNAL WRITE SEQUENCE 
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Figure 15. Toggle Bit Waveforms Sequence 


STF 


LAST WRITE TOGGLE 
INTERNAL WRITE SEQUENCE 
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Note: 1 First Toggle bit 1s forced to ’0" 
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Figure 16. Chip Erase Wavforms 
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Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V 


) 
Chip Enable Low to Write Enable Low 5 


Write Enable High to Chip Enable High G= 
Write Enable Low to Write Enable High G=12V 
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ORDERING INFORMATION SCHEME 


Example: M28LVi6 = -200 K 


| Speed =| [Package ——i| 
-150 150ns P PDIP24 1 0 to 70 °C 
-200 200ns K PLCC32 3* -—40 to 125°C 
-300 300ns MS $024 300mils 6 —40 to 85 °C 


Note: 3* Temperature range on special request only. 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PDIP24 - 24 pin Plastic DIP, 600 mils width 


PDIP24 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLCC32 


Drawing is out of scale 
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$024 - 24 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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PARALLEL ACCESS 16K (2K x 8) EEPROM 


=» FAST ACCESS TIME: 70ns 
m SINGLE 5V + 10% SUPPLY VOLTAGE 
» LOW POWER CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 
se FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 2ms Max 
=» ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 
— Data Polling 
— Toggle Bit 
=» PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
» JEDEC APPROVED BYTEWIDE PIN OUT 
= SOFTWARE DATA PROTECTION 


DESCRIPTION 


The M28C17 is a 2K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (70ns) with low power dissipation 
and requires a 5V power supply. 


The M28C17 offers the same features than the 
M28C16, in addition to the Ready/Busy pin. 


Table 1. Signal Names 


Write Enable 

[RB | Ready/Busy 
[Veo | Supply Voltage 
ae Ca 


February 1995 


PRODUCT PREVIEW 


PDIP28 (P) 


PLCC3z2 (Kk) 


1 


$028 (MS) 
300 mils 


Figure 1. Logic Diagram 


M28C017 
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Figure 2A. DIP Pin Connections 


M28C17 
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Warning: NC = No Connection, DU = Don’t Use 


Figure 2C. SO Pin Connections 


M28C17 


Al01507 


Warning: NC = No Connection, DU = Don’t Use 
DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C17 supports 64 


Figure 2B. LCC Pin Connections 


Al01508 


Warning: NC = No Connection, DU = Don’t Use 


byte page write operation. A Software Data Protec- 
tion (SDP) is also possible using the standard 
JEDEC algorithm. 


PIN DESCRITPION 


Addresses (A0-A10). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28C17 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28C17. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


2/16 
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Table 2. Absolute Maximum Ratings “’) 


Ta Ambient Operating Temperature: 


Storage Temperature Range 
Supply Voltage 


symbol | Parameter | Vatu | Unt 


grade 1 0 to 70 
grade 3 — 40 to 125 °C 
grade 6 - 40 to 85 
— 65 to 150 ze ae 
-osie6s |v 


ee Input/Output Voltage — 0.3 to Vec +0.6 we 
| vi __| Input Voltage ~0.3 to 6.5 a a 


Electrostatic Discharge Voltage (Human Body model) 7) 


M28C17 


Note: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification 1s not implied Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


Table 3. Operating Modes “) 


Standby / Write Inhibit 
Write Inhibit 


Chip Erase 


Notes: 1. X= Vinor Vir 
2. Vin=12V45% 


Read 


The M28C17 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The I/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28C17 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 


a 


Wie Inhibit a Data Out or Hi-Z 


Data Out or Hi-Z 


programming cycle. All bytes must be located ina 
single page address, that is A6-A10 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data after the rising 
edge of E or W which ever occurs first (twHwu). If 
a transition of E or W is not detected within a 
minimum time (twHWH max), the internal program- 
ming cycle will start. 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 
applied to the Write Enable pin. 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 


A6-A10 
(Page Address) 


X DECODE 


ADDRESS 
LATCH 


Y DECODE == 


Microcontroller Control Interface 


The M28C17 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQO 


Lop | te |purs| Wiz | Hiz | Wiz | iz | HE | 


= Data Polling 
= Toggle Bit 
= Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 


64K ARRAY 


SENSE AND DATA LATCH 


I/O BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 


Al01488 


ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28C17 also offers another 
way for determining when the internal write cycle 
is completed. During the internal Erase/Write cycle, 
DQ6 will toggle from "0" to "1" and "1" to "0" (the 
first read value is "0") on subsequent attempts to 
read the memory. When the internal cycle is com- 
pleted the toggling will stop and the device will be 
accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low (tp.its). DQ5 Low indicates the timer is 
running, High indicates time-out after which the 
write cycle will start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 


Page 
Write 
Instruction 


WRITE Aoh in 
Address 555h 


SDP is set 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 80h tn 
Address 555h 


Page 
Write 


Instruction 


WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 
WRITE 20h in 
Address 555h 


Unprotected State 
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WRITE AAh in 
Address 555h 
WRITE 55h in 
Address 2AAh 


Page 
Write 
Instruction 


WRITE AOh in 
Address 555h 


WRITES 
are enabled 
WRITE Data to 

be Written in 

any Address 


WRITE IN MEMORY 
WHEN SDP IS SET 


Al01509 


Software Data Protection 


The M28C17 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28C17 is shipped as standard in the "unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 7. AC Testing Input Output Waveforms DEVICE 


UNDER 
TEST 


j 
I 


C,_ includes JIG capacitance 
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Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition | Min 
Input Capacitance er ee 
Output Capacitance Vour=oV | 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Voc = 4.5V to 5.5V) 


symbol Test Coneition 


Input Leakage Current OV < Vin < Vec 
| ho | Output Leakage Current OV < Vin < Vcc 


Supply Current (CMOS inputs) E=Vu, G=Vi_,f=5 MHz 
Supply Current (Standby) TTL E=Vin 


| Min 

i ae 

ho == 

jy [Sumvcurenaremue, _}EewuGeveteowin) 

Supply Current (Standby) CMOS | Es Vccoav fs 

| Vn__|imputtowVvotage | | 03 | | 

[Wn | puthigh volage SCC 

Vo. [ouputtowvotags ——SSSi*d;Stw tm] Cd 
OH 


Note: 1. All I/O’s open. 


Table 6. Power Up Timing “ (Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Vcc = 4.5V to 5.5V) 


Note: 1. Sampled only, not 100% tested. 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 4.5V to 5.5V) 


mel oe | mee condition [70 | 20 | tao | 180 
[min | max 


t t Address Valid to 
avon ACC | Output Valid 


t t Chip Enable Low to 
ey CE | Output Valid 


Chip Enable High a 
lor to Output Hi-Z is 


Output Enable High 
to Output Hi-Z 
Address Transition 
to Output Transition 


Note: 1. Output Hi-Z is defined as the point where data ts no longer driven. 


Figure 9. Read Mode AC Waveforms 


DQ0-DQ7 DATA OUT 


Al01511 


Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Voc = 4.5V to 5.5V) 


3 


ves 
tov Write Enable Low to Input Valid 

tov Chip Enable Low to Input Valid 

twp Chip Enable Low to Chip Enable High 
{CEH Write Enable High to Chip Enable High 


: 
tWHWL twPH Write Enable High to Write Enable Low 

twp Write Enable Low to Write Enable High Pr 

tBLc Byte Load Repeat Cycle Time LU 

twc Write Cycle Time foe. . 

| Noe 

| Notet | 


Parameter Test Condition 


m 
Il 
< 
0) 
I! 
< 
x 


tas Address Valid to Write Enable Low 
ta 


a) 


Address Valid to Chip Enable Low 


ci 
| | 

I} =| 

M 

< 

- 


0) 

| 
</s 
= t. 
= 

i 

Ss 

— 


?) 
il 
Q| |< 
tl = 
<|=s 
coy 
< 
i 


Chip Enable Low to Write Enable Low 


m 
) 
< 
= 


Output Enable High to Write Enable oe 
Low 


Output Enable High to Chip Enable Low 


Q 
Il 
< 
x= 


Write Enable Low to Chip Enable Low 


Write Enable Low to Address Transition 


a] 
”n 


Chip Enable Low to Address Transition 


| 
on 
° 


m 
II 


=f 
= = a _) 
” n wn wn ” 


a 
n 


o1 
oO 


n 


Write Enable High to Output Enable 
Low 


Chip Enable High to Output Enable Low 
Chip Enable High to Write Enable High 


Write Enable High to Input Transition 


H Chip Enable High to Input Transition 


O1 
oO 


ol 
) 


0.15 100 


= 


— 
Ol Nh 
© 


Write Enable High to Ready/Busy Low 


Note: 1. With a 3.3 kQ pull-up resistor. 


B 


Chip Enable High to Ready/Busy Low 


D 
D 


p>] 
i?) 


t 
t 


S Data Valid before Write Enable High 


Zz 
je) 

—_ 
149) 

—_ 
— 
ol 
oO 


Data Valid before Chip Enable High 


tos 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


A0-A10 VALID 
tAVWL tWLAX 


| 


tWHWL 


pao-pa? DATA |) 


tDVWH tWHDX 
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Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


tDVEH t— tEHDX 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


DQ0-DQ7 
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Figure 13. Software Protected Write Cycle Waveforms 


a Byte Address 


bas tWHDX 


pao-par Byte 62 


Al01515 


Note: A6 through A10 must specify the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be high only when W and E are both low. 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


DQ7 DQ7 DQ7 DQ7 


LAST WRITE INTERNAL WRITE SEQUENCE 
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Figure 15. Toggle Bit Waveforms Sequence 


LAST WRITE TOGGLE 


INTERNAL WRITE SEQUENCE 
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Note: 1. First Toggle bit is forced to ’0’ 
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Figure 16. Chip Erase Wavforms 
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Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Voc = 4.5V to 5.5V 


) 
Tan [cinenaieviewneemeu | Saw |e [| m= 
Tw [wie ene rgne cipeniongn [Sew | s | mw 
Tm [wie enioLowiowiieeniongn [Sera | wo | | me 
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ORDERING INFORMATION SCHEME 


Note: 


For a list of available options (Speed, Package, Temperature Range, etc... 


Example: 


Shortform catalogue. 
For further information on any aspect of this device, please contact SGS- THOMSON Sales Office nearest 


to you. 


M28C17 -70 K 
| Speed | | Package 
70Ons P PDIP28 1 0 to 70°C 
90ns K PLOC32 3* —40 to 125 °C 
120ns MS SO28 300mils 6 -—40to 85°C 
150ns 


3* Temperature range on special request only. 


ky7 S&S THOMSON 


M28C17 


) refer to the current Memory 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing !s out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLOC32 


Drawing is out of scale 
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M28C17 


$028 - 28 lead Plastic Small Outline, 300 mils body width 


a ee es 
pte | min | Max | tye Tin | 
a ee ee ee ee 0.104 
a ee 


Drawing is out of scale 
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kyz 3&3 THOMSON M28LV64 


LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8) EEPROM 


PRODUCT PREVIEW 


=» FAST ACCESS TIME: 150ns 
= SINGLE 3V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION: 
— Active Current 8mA 
— Standby Current 50uA 
=» FAST WRITE CYCLE: 
— 64 Bytes Page Write Operation 
— Byte or Page Write Cycle: 3ms Max 
®& ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 


PDIP28 (P) 


— Data Polling 
— Toggle Bit Ca 
» PAGE LOAD TIMER STATUS BIT a 
=» HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS TECHNOLOGY: S028 (MS) TSOP28 (N) 
— Endurance > 100,000 Erase/Write Cycles 300 mils 8 x13.4mm 


— Data Retention > 10 Years 
a JEDEC APPROVED BYTEWIDE PIN OUT —_ 
» ADDRESS and DATA LATCHED ON-CHIP Figure 1. Logic Diagram 
= SOFTWARE DATA PROTECTION 


DESCRIPTION 

The M28LV64 is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3V + 10% power supply. 


vT-> DQ0-DQ7 


Table 1. Signal Names M28LV64 


AO -A12 Address Input 
DQO - DQ7 | Data Input / Output 


Al01538 


[RB _| Ready / Busy 
Supply Voltage 


February 1995 1/17 


This 1s preliminary information on a new product now tn development Details are subject to change without notice 


915 


M28LV64 


Table 2. Absolute Maximum Ratings ") 


symbol | Parameter | Value | Unit 


TA Ambient Operating Temperature: 0 to 70 
— 40 to 125 °C 


Electrostatic Discharge Voltage (Human Body model) © 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may 
cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions 
above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating 
conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 


2. 100pF through 1500; MIL-STD-883C, 3015.7 
Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M28LV64 


Al01539 


Al01540 
Warning: DU = Don’t Use Warning: NC = No Connections, DU = Don’t Use 
Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections 


: M28LV64 


Al01541 Al01542 
Warning: DU = Don’t Use Warning: DU = Don’t Use 
2/i7 ICT; SGS-THOMSON 
7 MicRoELECTROMES 
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Figure 3. Block Diagram 


ADDRESS 
LATCH 


A6-A12 
(Page Address) 


X DECODE 


ADDRESS 
LATCH 


Y DECODE || 


(0 BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 
DQ0-DQ7 
Al01355 


Table 3. Operating Modes “) 


a 


Notes: 1. X=Vinnor Vit 
2. Vin = 12V+5% 


DESCRIPTION (cont'd) and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28LV64 supports 64 

The circuit has been designed to offer a flexible byte page write operation. A Software Data Protec- 

microcontroller interface featuring both hardware tion (SDP) is also possible using the standard 
JEDEC algorithm. 


- 3/17 
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PIN DESCRITPION 


Addresses (A0-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Data is written to or read 
from the M28LV64 through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV64. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28LV64 is accessed like a static RAM. When 
E and G are low with W high, the data addressed 
is presented on the I/O pins. The I/O pins are high 
impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high. The M28LV64 supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion. 


Page Write 


Page write allows up to 64 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located ina 
single page address, that is A6-A12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data up to a maxi- 
mum of 100s after the rising edge of E or W which 
ever occurs first (teLc). If a transition of E or W is 
not detected within 100us, the internal program- 
ming cycle will start. 


Chip Erase 


The contents of the entire memory may be erased 
(FF) by use of the Chip Erase command by setting 
Chip Enable (E) Low and Output Enable (G) to 
12V. The chip is cleared when a 10ms low pulse is 
applied to the Write Enable pin. 


Microcontroller Control Interface 


The M28LV64 provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQS5 DQ4 DQ3 DQ2 DQi DQND 


bp | 18 |purs} Wiz | Hi-Z | HZ | Hiz | HAZ 


DP = Data Polling 
= Toggle Bit 


TB g 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28LV64 also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
64 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low (tpLtts). DQ5 Low indicates the timer is 
running, High indicates time-out after which the 
write cycle will start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 


4/17 “ 
—____— ky7 SERS on 
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Figure 5. Software Data Protection Enable Algorithm and Memory Write 


WRITE AAh in 

Address 1555h 
WRITE 55h in 
Address OAAAh 
WRITE A0Oh in 

Address 1555h 


SDP is set 


Page 
Write 
Instruction 


SDP ENABLE ALGORITHM 


Figure 6. Software Data Protection Disable 
Algorithm 


WRITE AAh in 

Address 1555h 
WRITE 55h in 
Address OAAAh 
WRITE 80h in 

Address 1555h 


Page 
Write 


Instruction 


WRITE AAh in 

Address 1555h 
WRITE 55h tn 
Address OAAAh 
WRITE 20h tn 

Address 1555h 


Unprotected State 


Al01357 


ky 


SGS-THOMSON 


WRITE AAh in 

Address 1555h 
WRITE 55h tn 
Address OAAAh 
WRITE Aoh in 

Address 1555h 


WRITE Data to 
be Written in 
any Address 


Page 
Write 
Instruction 


WRITES 
are enabled 


WRITE IN MEMORY 
WHEN SDP IS SET 


Al01356 


Software Data Protection 


The M28LV64 offers a software controlled write 
protection facility that allows the user to inhibit all 
write modes to the device including the Chip Erase 
instruction. This can be useful in protecting the 
memory from inadvertent write cycles that may 
occur due to uncontrolled bus conditions. 


The M28LV64 is shipped as standard in the "unpro- 
tected" state meaning that the memory contents 
can be changed as required by the user. After the 
Software Data Protection enable algorithm is is- 
sued, the device enters the "Protect Mode" of 
operation where no further write commands have 
any effect on the memory contents. The device 
remains in this mode until a valid Software Data 
Protection (SDP) disable sequence is received 
whereby the device reverts to its "unprotected" 
state. The Software Data Protection is fully non- 
volatile and is not changed by power on/off se- 
quences. 


To enable the Software Data Protection (SDP) the 
device requires the user to write (with a Page Write) 
three specific data bytes to three specific memory 
locations as per Figure 5. Similarly to disable the 
Software Data Protection the user has to write 
specific data bytes into six different locations as per 
Figure 6 (with a Page Write). This complex series 
ensures that the user will never enable or disable 
the Software Data Protection accidentally. 


5/17 
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AC MEASUREMENT CONDITIONS Figure 8. AC Testing Equivalent Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages OV to Vcc -0.3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 
DEVICE 
UNDER 


Figure 7. AC Testing Input Output Waveforms TEST 


“ ° 


Cy = 100pF 


C,_ includes JIG capacitance 
Al01396 


Symbol 
Input Capacitance 
Output Capacitance 


Note: 1. Sampled only, not 100% tested. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 


Symbol Test Condition | min _| 
tie | Input Leakage Current OV < Vin S$ Voc aa 
fo 


lu 
lLo 

o E=Vi, G=Vi_,f=5 MHz 
| Vu | inputHighvotage | || cos || 
| Vo._|Outputtowvotage | tue tmaA || Vee | VC 
son Lomettignvenngs | ttn cove | 


Note: 1. All I/O's open. 


Table 6. Power Up Timing (Ta = 0 to 70°C, —40 to 85°C or 40 to 125°C, Vcc = 2.7V to 3.6V) 


symbol 
Time Delay to Read Operation 
Time Delay to Write Operation 


Note: 1. Sampled only, not 100% tested. 


6/17 . 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V) 
M28LV64 


[max | min | max | min | max | 


ata 
To [om famemwems feces] foo] [wef 
fe fe fasemmeenn [om | fom] fo] [ml 
eI 
ean] fevemrnormer [em Polo [o fol e[o |= 
ae 
fom [former — ewe ToL fel Te 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


Test Condition 


Figure 9. Read Mode AC Waveforms 


DQ0-DQ7 DATA OUT 


Al00749 


Note: W = High 


= 7/17 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or —40 to 125°C, Vcc = 2.7V to 3.6V 


Fat | Test Condition 

tavWL Address Valid to Write Enable Low 

tAVEL Address Valid to Chip Enable Low 
E 


Symbol Parameter 


tELWL Chip Enable Low to Write Enable Low 
Output Enable High to Write Enable 

tGHWL toes L 

tGHEL Output Enable High to Chip Enable Low Wem 

tWLEL Write Enable Low to Chip Enable Low | GeV | 


fe) 
= 


tWLax Write Enable Low to Address Transition 
tELAX t Chip Enable Low to Address Transition 
t 
t 


1 


twLov | tov | Write Enable Low to Input Valid 
tELDV | toy Chip Enable Low to Input Valid G=Vin,W=Vi 


= 


5 rs =) 


) 

=Vi, G= 

= Vin, W 
G= 
E=Vi 
We=Vit 
G=Vin 


AS 
AS 
AH 50 
AH 50 
DV 
DV 1 

P Chip Enable Low to Chip Enable High 50 1000 


tELEH tw 


tWHEH Write Enable High to Chip Enable High 


Write Enable High to Output Enable 
tWHGL toEH Low 


tEHGL Chip Enable High to Output Enable Low 


tEHWH Chip Enable High to Write Enable High 
tWHDXx | tow | Write Enable High to Input Transition 


t 
tEHDx t Chip Enable High to Input Transition 
t 


=) 
” 


Oo 

oO 
—] 
16?) 


o 
io) 


=) 
wn 


DH 
DH 
tWHWL Write Enable High to Write Enable Low 
tWLWH Write Enable Low to Write Enable High 
C 
DB 


0.15 | 100 | us 


Ww 
tWHWH Byte Load Repeat Cycle Time 
tWHRH Write Cycle Time 

tWHRL Write Enable High to Ready/Busy Low 
Chip Enable High to Ready/Busy Low 
Data Valid before Write Enable High 
Data Valid before Chip Enable High 


Note: 1. With a 3.3 kQ pull-up resistor. 


ié) 


ms 


— 


5 


jo) 


Note 1 


Note 1 


=) 
n 


oi 
oO 


Oo 


ol 
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Figure 10. Write Mode AC Waveforms - Write Enable Controlled 


A0-A12 VALID 
tAVWL tWLAX 


E 


DQ0-DQ7 DATA IN i 


tDVWH 


Al00750 


Figure 11. Write Mode AC Waveforms - Chip Enable Controlled 


VALID 


tAVEL tELAX 


DQ0-DQ7 DATA IN Pd) 


tDVEH tEHDX 


Al00751 
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Figure 12. Page Write Mode AC Waveforms - Write Enable Controlled 


DQO0-DQ7 


Al00752C 


Figure 13. Software Protected Write Cycle Waveforms 


Cy Byte Address 


tWHDX 


pao-Da7 eo ee 


Al01358 


Note: A6 through A12 must specify the same page address during each high to low transition of W (or E) after the software code has been 
entered. G must be high only when W and E are both low. 


10/17 : 
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Figure 14. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction x 


pa7 pay p07 pa7 


LAST WRITE 


INTERNAL WRITE SEQUENCE 


Al00753C 


Figure 15. Toggle Bit Waveforms Sequence 


LAST WRITE TOGGLE 


INTERNAL WRITE SEQUENCE 


Al00754D 


Note: 1. First Toggle bit is forced to ’0’ 


= 11/17 
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Figure 16. Chip Erase AC Waveforms 


Al01484 


Table 9. Chip Erase AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C or -40 to 125°C, Vcc = 2.7V to3.6V 


) 
Chip Enable Low to Write Enable Low 5 


12/17 : 
—_—_—_—————. ky otters 


926 


ORDERING INFORMATION SCHEME 


Example: M28LV64 -200 K 
[speed ~—S | [| Package Ci 
-150 150ns P PDIP28 1 0 to 70°C 
-200 200ns K PLCC32 3* -40 to 125°C 
-300 300ns MS $028 300 mils 6 -—40to 85°C 
N TSOP28 
8 x 13.4mm 


Note: 3” Temperature range on special request only. 


M28LV64 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 


Shortform catalogue. 


For further information on any aspect of this device, please contact S@S-THOMSON Sales Office nearest 


to you. 


ky7 SES THOMSON 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLCC32 


Drawing is out of scale 


- 15/17 
ky Secueces. 
529 


M28LV64 


$028 - 28 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 


TSOP28 


Drawing is out of scale 
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T7 SGS-THOMSON M28LV64C 
SF, iCROELECTROMICS M28LV64x 


LOW VOLTAGE PARALLEL ACCESS 64K (8K x 8) EEPROM 


PRELIMINARY DATA 
=» FAST WRITE CYCLE {2 
— 32 Bytes Page Write Operation 
— Byte or Page Write Cycle: 10ms PDIP28 (P) PLCC32 (K) 
# ENHANCED END OF WRITE DETECTION 
— Ready/Busy Open Drain Output 


(for M28LV64C product only) 
— Data Polling 28 \ 
— Toggle Bit vet 


=» PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, $028 (MS) TSOP28 (N) 
CMOS TECHNOLOGY 300 mils 8 x13.4mm 


— Endurance > 100,000 Erase/Write Cycles 
— Data Retention > 10 Years 
= JEDEC APPROVED BYTEWIDE PIN OUT Figure 1. Logic Diagram 
=» ADDRESS and DATA LATCHED ON-CHIP 


= FAST ACCESS TIME: 150ns 
=» SINGLE 3.3V + 10% SUPPLY VOLTAGE 
=» LOW POWER CONSUMPTION 

— Active Current 15mA 

— Standby Current 50nA 


DESCRIPTION 


. The M28LV64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time with low power dissipation and 
requires a 3.3V power supply. 


K 7» DQ0-DQ7 


Table 1. Signal Names M28LV64C 


ee 
a 
Cs 


Vss 


il 


@|{ ml 


Al01400 


March 1995 4/14 


This ts preliminary information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings 


Symbol 
TA Ambient Operating Temperature: grade 1 0 to 70 
grade 6 — 40 to 85 


Storage Temperature Range _ 65 to 150 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


Al01401 
Al01403 


Warning: DU = Don’t Use Warning: NC = No Connections, DU = Don’t Use 


Figure 2C. SO Pin Connections Figure 2D. TSOP Pin Connections 


: M28LV64C i 


Al01402 


Al01404 
Warning: DU = Don’t Use Warning: DU = Don’t Use 
2/14 ky SGS-THOMS 
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Figure 3. Block Diagram 


A5-A12 
(Page Address) 


ADDRESS 
LATCH = 


X DECODE 


ADDRESS 
LATCH 


Y DECODE | | 


Table 3. Operating Modes 


Write Inhibit 
Write Inhibit 
Output Disable 


Note: X = Vin or Vit 


DESCRIPTION (cont'd) 


The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking mode with Ready/Busy, 
Data Polling and Toggle Bit. The M28LV64C sup- 
ports 32 byte page write operation. 


eee 


ze 


M28LV64C, M28LV64X 


64K ARRAY 


SENSE AND DATA LATCH 


/(O BUFFERS 
PAGE LOAD 


TIMER STATUS 
TOGGLE BIT 
DATA POLLING 


Al00877C 


Data Out or Hi-Z 


PIN DESCRITPION 


Addresses (AQ-A12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 


Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable ts high, power consumption is reduced. 


2 3/14 
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Output Enable (G). The Output Enable input con- 
trols the data output buffers and is used to initiate 
read operations. 


Data In/ Out (DQO - DQ7). Datais written to or read 
from the M28LV64C through the I/O pins. 


Write Enable (W). The Write Enable input controls 
the writing of data to the M28LV64C. 


Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 


In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 


Read 


The M28LV64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the I/O pins. The I/O 
pins are high impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and G is high.The M28LV64C supports 
both E and W controlled write cycles. The Address 
is latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed unti] completion. 


Page Write 


Page write allows up to 32 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5-A12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 


Following the first byte write instruction the host 
may send another address and data after the rising 
edge of E or Wwhich ever occurs first. If a transition 
of E or Wis not detected within twHwu, the internal 
programming cycle will start. 


Microcontroller Control Interface 


The M28LV64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQ0 


pop | 18 [Pits] Wiz | HiZ | Hi-Z | HAZ | HZ | 


DP = Data Polling 
= Toggle Bit 


TB g 
PLTS = Page Load Timer Status 


Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 


Toggle bit (DQ6). The M28LV64C also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read any address in the memory. When the 
internal cycle is completed the toggling will stop and 
the device will be accessible for a new Read or 
Write operation. 


Page Load Timer Status bit (DQ5). In the Page 
Write mode data may be latched by E or W. Up to 
32 bytes may be input. The Data output (DQ5) 
indicates the status of the internal Page Load 
Timer. DQ5 may be read by asserting Output En- 
able Low. DQ5 Low indicates the timer is running, 
High indicates time-out after which the write cycle 
will start and no new data may be input. 


Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 


4/14 . 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages > OV to Vcc -0.3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


DEVICE 
UNDER 


Figure 5. AC Testing Input Output Waveforms TEST 


C, = 100pF 


C,_ includes JIG capacitance 


Al01274 


Al01396 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition | min | Max | Unit 
input Capacitance ee ee 
Output Capacitance pVorsov | tte 


Note: 1. Sampled only, not 100% tested 


Table 5. Read Mode DC Characteristics (Ta = 0 to 70°C or —40 to 85°C, Vcc = 38V to 3.6V) 


[symbot[ Parameter ‘| TeetGonaion [win | ox | Unit 
ts | npattcatage cures Site s wen tak 
SN Co 
7 an AN eT I 
a 
Tex | ousattow otage———SSCS~C*idCSCm nm dP Ct 
Tow [utp igh votage = teventma |e dv 


Note: 1. All I/O’s open. 


Table 6. Power Up Timing “) (Ta = 0 to 70°C or —40 to 85°C, Vcc = 3V to 3.6V) 


Note: 1. Sampled only, not 100% tested 


- 5/14 
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Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C, Vcc = 38V to 3.6V) 


Parameter Test Condition 


sar? [E-w.o-m SeCiecial 


_ M28Lve4c 


Chip Enable Low to 
"3 Output Valid ec 


teLav 


Note: 1. Output Hi-Z is defined as the point where data is no longer driven. 


Figure 7. Read Mode AC Waveforms 


DQ0-DQ7 DATA OUT 
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Note: W = High 
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Table 8. Write Mode AC Characteristics 
(Ta = 0 to 70°C or —40 to 85°C, Vcc = 8V to 3.6V) 


mon [mm | ___romme [ein [i [we [a 
Twn [te [itso Wt rato tow | EovuGevw | 0 [| re 
oes ee oo 
Pox [ox Jestanmnmsance [Som fs [Po 


| tone, | toes Output Enable | Output Enable High to Chip Enable Low | to Chip Enable Low = Vit ae ee ae 
ee ee ee 
a. ana tet te 
tan | ww | ove Erbe Lowio nates ranatin |__| 150 | | ms 
mov | to | weteermietowionpavens | ExvGevw | | 1 | oe _ 
tev | tv | ctinenae towionpuvaia | vmW=mu | | + | oe 
wn | tw | wite Eade towiowniecraberian | (| 60 | | om 
ta | te [otnertetonmeroenbenign [wo [| 
Se eee eee a 


WHGL 


rumer's 
Tee |r |W me in Teneten ccs 
a a 
wn | wn | Wit rate gh enbeiow [aoe | 
Twn | tno | pe toadnepnt een [ideas | wo | we 
es 
Tne | ea | Wit rate ant Reoreinyiow [vow |_| 0 
ions | ta [tp rae oh oReaBvyton [news| | 0 
en 
[toms [ts [avait copeninion [Lv |__| 


Note: 1. With a 3.3 kQ pull-up resistor. 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 


A0-A12 VALID 
tAVWL tWLAX 


| 
tWHGL 


tWHWL 


DQ0-DQ7 DATA IN an 


tDVWH tWHDX 
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Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 


VALID 


tAVEL tELAX 


DQ0-DQ7 
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Figure 10. Page Write Mode AC Waveforms - Write Enable Controlled 


DQ0-DQ7 
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Figure 11. Data Polling Waveforms Sequence 


Address of the last byte of the Page Write instruction 


RE a A co, aaa, A 


LAST WRITE INTERNAL WRITE SEQUENCE 


Al00753C 
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Figure 12. Toggle Bit Waveforms Sequence 


— ee 


TOGGLE 
INTERNAL WRITE SEQUENCE 


LAST WRITE 
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Note: 1. First Toggle bit is forced to ’0’ 
ORDERING INFORMATION SCHEME 


Example: M28LV64C -200 K 


| Version cet [__ Package | 


Temperature Range 


C RBavailable -150 150 ns P PDIP28 1 0 to 70 °C 
X RB not bonded -200 200 ns K PLCC32 6 -40to85°C 
pine) 300 -300ns MS S028 300 mils 
N TSOP28 
8 x 13.4mm 


For a list of available options (Speed, Package, Temperature Range, etc... ) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PDIP28 - 28 pin Plastic DIP, 600 mils width 


PDIP28 


Drawing is out of scale 
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PLCC32 - 32 lead Plastic Leaded Chip Carrier, rectangular 


PLOC32 


Drawing is out of scale 
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$028 - 28 lead Plastic Small Outline, 300 mils body width 


Drawing is out of scale 
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TSOP28 - 28 lead Plastic Thin Small Outline, 8 x 13.4mm 


TSOP28 


Drawing is out of scale 
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DEDICATED EEPROM 


kyz S65 THOMSON M2207 


SERIAL ACCESS 1K (128 x 8) EEPROM 


PRODUCT PREVIEW 


= 100.000 ERASE/WRITE CYCLES with 
10 YEARS DATA RETENTION 


a SINGLE 5V + 10% SUPPLY VOLTAGE 
=» HARDWARE WRITE CONTROL 

=» TWO WIRE SERIAL INTERFACE 

=» 400K BIT TRANSFER RATE 

» BYTE WRITE 

=» PAGE WRITE (up to 4 BYTES) 

= SELF TIMED PROGRAMMING CYCLE 

# AUTOMATIC ADDRESS INCREMENTING eee 
=» ENHANCED ESD/LATCH UP 


Figure 1. Logic Diagram 


DESCRIPTION 


The M2201 is a 1K bit electrically erasable pro- 
grammable memory (EEPROM), organized as 128 
x 8 bits. It is manufactured in SGS-THOMSON’s 
Hi-Endurance Advanced CMOS technology which 
guarantees a data retention of over 10 years. 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memory is compatible with a two wire serial 
interface which uses a bi-directional data bus and 
serial clock. Read and write operations are initi- 
ated by a START condition generated by the bus 
master. The START condition is followed by 7 bits 
of address, plus one read/write bit and terminated 
by an acknowledge bit. 


Table 1. Signal Names 


Serial Data Input/Output 
Serial Clock 
Write Control 


Al01321 
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This 1s preliminary information on a new product now in development Details are subject to change without notice. 
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Figure 2A. DIP Pin Connections 


Al01322 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings “ 


Symbol Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


(SO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


Al01323 


Warning: NC = No Connection 


grade 1 


40 sec 
10 sec 


Output Voltage -—0.3 to 6.5 V 
Input Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) ® 4000 


Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Machine model) © 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 


DESCRIPTION (cont'd) 


When writing data to the memory, it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 


2/12 
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write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


ON 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Write Control (WC). An hardware Write Control 
feature (WC) is offered on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vix) or disable (WC 
= Vi_) the internal write protection. When uncon- 
nected, the WC input is internally read as Vit (WC 
is disabled). 


DEVICE OPERATION 


The device that controls the data transfer is known 
as the master. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The M2201 is always a slave device 
in all communications. 


M2201 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the M2201 continu- 
ously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the M2201 and the 
bus master. ASTOP condition at the end of a Read 
command forces the standby state. ASTOP condi- 
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the M2201 sample 
the SDA bus signal on the rising edge of the clock 
SCL. Note that for correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Figure 3. Maximum RL Value versus Bus Capacitance (Cgus) for an I7C Bus 


Cpus (PF) 


Al01100 
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Table 3. Input Parameters “ (Ta = 25 °C, f = 400 kHz ) 


Input Capacitance (SDA) 
Input Capacitance (other pins) 


WC Input Impedance 
WC Input Impedance 


' Low-pass filter input time constant 
= (SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Vin < 0.3 Vec 
Vin 2 0.7 Vec 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 5V + 10%) 


Symbol Parameter Test Condition 
Input Leakage Current 
po (SCL, SDA) ieee ia 
to Output Leakage Current Pe eee 
fc = 400kHz 
Supply Current (Rise/Fall time < 30ns) 


Vin = Vss or Voc, 
Vcc = 5V 


Supply Current (Standby) 


[ve [pat ow vonage (S01, SO) 
Tne [put ih tage (3, S04) —_ 
[ve [put tow Voge 6) 
Tne [puttin Vonage WG) 


Vin = Vss or Vcc, 
Voc = 5V, fo = 400kHz 


lo. = 38mA, Voc = 5V 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C; Vcc = 5V + 10%) 


Symbol 


tcHiCH2 


teLicLe 
(1) 
1) 
) 


tbH1DH2 
( 


tbL1DL1 


tcnpx ? 


tcLav 


tr 
tr 
tr 
AA 
DH 
WR 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 
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[at [Parameter 
ee Co 
Te [eeccrantine 
Tw [soaricetine ——SSSC~dYC 
[| soaraitine ——SSSC*dC 
Teusn | coo 


tsUSTA Clock High to Input Transition 


tCHCL Clock Pulse Width High | 600 


; 
ee 
w | m[wietime Sid 
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Memory Addressing. To start communication be- 
tween the bus master and the slave M2201, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the 7th bit byte-ad- 
dress and a READ or WRITE bit. This 8th bit is set 
to’1’ for read and ’0’ for write operations. If a match 
is found, the corresponding memory will acknow- 
ledge the identification on the SDA bus during the 
Oth bit time. 


Write Operations 


Following a START condition the master sends the 
byte address with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a data 
byte. Any write command with WC = 1 (during a 
period of time from the START condition untill the 
end of the Byte Address) will not modify data and 
will NOT be acknowledged on data bytes, as in 
Figure 8. 
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Figure 5. AC Waveforms 


{CHDX —; tCLDX 


M¢START>: ‘- SDA SDA > - STOP & >: 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


tCHDH 


M¢— STOP -P<——————_ RITE CYCLE ——————“—- START 
CONDITION CONDITION 


Al00795 
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Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 


Page Write. The Page Write mode allows up to 4 
bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A6-A2) are the same. The master 
sends from one up to four bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(2 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 


Figure 6. IC Bus Protocol 


M— START >: 
CONDITION 


“- SDA SDA >: 
INPUT CHANGE 


M2201 


dress counter ’roll-over’ which could result in data 
being overwritten. 


It must be noticed that, for any write mode, the 
generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 


‘- STOP >: 
CONDITION 


STOP 
CONDITION 


Al00792 
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DEVICE OPERATION (cont'd) 


duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (See Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (ist byte of the 
new instruction). 


Figure 7. Write Cycle Polling using ACK 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Operation Is 
RANDOM ADDRESS 
READ or 
WRITE 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 


Al01099 
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Read Operation 


Byte Read. The master sends a START condition 
followed by seven bits of address and the RW bit 
(set to ’1’). The M2201 acknowledges it and outputs 
the corresponding data byte. The read operation 
is terminated by a STOP condition issued by the 
master (instead of the ACK bit). 


Sequential Read. The master sends a START 
condition followed by seven bits of address and the 
RW bit (set to 1’). The M2201 acknowledges it and 
outputs the corresponding data byte. The master 
does acknowledge this byte and reads the next 
data byte (at address + 1). The read operation is 


M2201 


terminated by a STOP condition issued by the 
master (instead of the ACK bit). The output data is 
from consecutive byte addresses, with the internal 
byte address counter automatically incremented 
after each byte output. After a count of the last 
memory address, the address counter will ’roll- 
over to address ’00’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the M2201 waits for an acknowledge during the 9th 
bit time. If the master does not pull the SDA line low 
during this time, the M2201 terminates the data 
transfer and switches to a standby state. 


Figure 8. Write Modes Sequences with Write Control = 1 


| 


ACK 


BYTE WRITE 


PAGE WRITE 


NO ACK 


BYTE ADDR DATA IN 


NO ACK NO ACK NO ACK 


[BYTE ADDR | DATA INT IN 1 ) DATAING | IN 4 


Al01324 
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Figure 9. Read Modes Sequences 


ACK NO ACK 


BYTE READ BYTE ADDR | DATA OUT i 


R/W = 1 


ACK ACK ACK NO ACK 


SEQUENTIAL READ BYTE ADDR | DATA OUT 4 DATA OUT N 


R/W = 1 
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ORDERING INFORMATION SCHEME 


Example: M2201 M 1 TR 


Temperature Range | | Option 


B  PSDIP8 1 Oto70°C TR Tape & Reel 
0.25mm Frame Packing 
M SO8 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DiP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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SO8 - 8 lead Plastic Small Outline, 150 mils body width 


h x 45° 


SO-a 


Drawing is out of scale 
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kyz_ SGS THOMSON ST25164 


MICROELECTRONICS 


SERIAL ACCESS 16K (2K x 8) EEPROM 


=» 1 MILLION ERASE/WRITE CYCLES with 
OVER 10 YEARS DATA RETENTION 


=» SINGLE SUPPLY VOLTAGE: 
— 4.5V to 5.5V for ST24164 version 
— 2.5V to 5.5V for ST25164 version 
# HARDWARE WRITE CONTROL PIN 
=» TWO WIRE SERIAL INTERFACE 
= PAGE WRITE (up to 16 BYTES) 


=» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


» SELF TIMED PROGRAMMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


es ENHANCED ESD/LATCH-UP 
PERFORMANCES 


DESCRIPTION 


The ST24/25164 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2048 x 8 bits. They are manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of one 
million erase/write cycles with a data retention of 
over 10 years. The memories operate with a power 
supply value as low as 2.5V. 


Table 1. Signal Names 


E0-E2 Chip Enable Inputs 


DA Serial Data Address Input/Output 


oo Serial Clock 


[we wc 


Ground 


June 1994 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24164 


$T25164 
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Figure 2A. DIP Pin Connections 


$T24164 
$T25164 


Al01249 


Output Voltage 


Input Voltage —0.3 to 6.5 

Supply Voltage 0.31065 
Electrostatic Discharge Voltage (Human Body model) V 

* ; , ho 

pov 


Electrostatic Discharge Voltage (Machine model) 500 


Figure 2B. SO Pin Connections 


ST24164 
$T25164 


Al01250B 


grade 1 
grade 6 


4000 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 9). 


DESCRIPTION (cont'd) 


Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 


The memories are compatible with the two wire 
serial interface which uses a bi-directional data bus 
and serial clock. The memories offer 3 chip enable 
inputs (E2, E1, EO) so that up to 8 x 16K devices 
may be attached to the bus and selected individu- 
ally. The memories behave as a slave device with 
all memory operations synchronized by the serial 
clock. 


Read and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 7 bits, plus one 
read/write bit and terminated by an acknowledge 
bit (see Table 3). 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 
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Table 3. Device Select Code 


P| Chip Enable 


$1T24164, ST25164 


MSB Address 


oe | | MsBaddress | RAW _| 
Ea 
1 


Bit 
Device Select 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read 


Sequential Read 
Byte Write 
Page Write 


Notes: 1. X = Vinor Vit 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 


" START, Device Select, R/W ='0’, Address, 


reSTART, Device Select, RW ="1? 


1 to 2048 Similar to Current or Random Mode 
START, Device Select, RAW ="0 
16 START, Device Select, R/W = '0’ 


the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Chip Enable (E2 - E0). These chip enable inputs 
are used to set 3 bits (b6, b5, b4) of the 7 bit device 
select code. These inputs may be driven dynami- 
cally or tied to Vcc or Vss to establish the device 
select code. 


Write Control (WC). An hardware Write Control 
feature (WC) is offered on pin 7. This feature is 
useful to protect the contents of the memory from 
any erroneous erase/write cycle. The Write Control 
signal is used to enable (WC = Vin) or disable (WC 
= Vi_) the internal write protection. WC pin can be 
direcly connected to Vss pin, in order to run the 
ST24/25164 without the Write Control protection. 
When unconnected, the WC input is internally read 
as Vi (see Table 5). 


When WC = ’1’, Device Select and Address bytes 
are acknowledged; Data bytes are not acnowl- 
edged. 


Refer to the AN404 Application Note for more de- 
tailed information about Write Control feature. 
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Figure 3. Maximum Ri Value versus Bus Capacitance (Cpus) for a Serial Bus 


Cpus (PF) 


DEVICE OPERATION 
Bus Background 


The device that controls the data transfer is known 
as the master and the other as the slave. The 
master will always initiate a data transfer and will 
provide the serial clock for synchronisation. The 
9124/25164 are always slave devices in all com- 
munications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25164 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by alow to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25164 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Al01100 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


Data Input. During data input the ST24/25164 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25164, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 


code (7 bits) and a Read or Write bit (R/W). 


Three out of the four most significant bits of the 
Device Select code are the Device Select bits (b6, 
bS, b4). They are matched to the chip enable 
signals applied on pins E2, Ei, EO. Thus up to 8 x 
16K memories can be connected on the same bus 
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Table 5. Input Parameters ™ (Ta = 25 °C, f = 400 kHz ) 


| symbol | Parameter | Test Condition | in| Max | Unit 
| cw | input Capaciance(soay tT 
a Ee Gee ee 
BeBe mesions ens | of 


ZWCH WC |WCInputimpedance = sd Impedance Vin 2 0.7 | Vin20.7 Veo _| 


Low-pass filter input time constant 
(SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


naa TestCondition | tin | Max | Unit 
tu | input Leakage Current OV < Vis Veo — ee 


Voc = 5V, fe = 100kHz 
aoe Current (ST24 series) (Rise/Fall time < 10ns) Ceseecres [T= T= 


| Supply Current (ST25 series) —_| Current (ST25 series) | Voc =2.5V, f= 100KHz | 2.5V, fc = 100kHz 


Vin = Vss or Voc, 
Supply Current (Standby) Vcc = 5V 
sacs (ST24 series) ae 

in = Vgs or Vcc, 

Vin = Vss or Vcc, 5 
Supply Current (Standby) Vcc = 2.5V 
me (ST25 series) 

Vin = Vss or Voc, 

Voc = 2.5V, fo = 100kHz 


ae rs a 
(oe sen oe 


y, | Output Low Voltage (ST24 series) | Low Voltage (ST24 series) lo. = 3mA, Vcc = 5V ee 
OL 
Output Low Voltage (ST25 series) lo. = 2.1mMA, Vcc = 2.5V a 
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Table 7. AC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


[symor [at [Paneer 
: 


| Min 
ares 
as 
er a ave 
Lee ae 
| tcuox | twooar | Clock Low tolnput Transition | 
Clock Low to Data Out Valid 
[tae | tor [Otc Low to Data OutTranston ato |e 
a 
a OO 


Note: 1. For areSTART condition, or following a write cycle. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 50ns 


Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Figure 4. AC Testing Input Output Waveforms 
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DEVICE OPERATION (cont'd) 


giving a memory capacity total of 128K bits. After a 
START condition any memory on the bus will iden- 
tify the device code and compare the 3 bits to its 
chip enable inputs E2, E1, E0. 


The 8th bit sent is the Read or Write bit (R/W), this 
bit is set to 1’ for read and ’0’ for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 


Write Operations 


The Write Operations are only possible when the 
Write Control pin is low (WC to ground). 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
memory acknowledges and waits for the lower byte 
address. After receipt of the byte address the de- 
vice again responds with an acknowledge. 
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Figure 5. AC Waveforms 


tCHDX tCLDX 


STARTS -- SDA - SDA >: “- STOP &> 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


tCHDH 


‘¢— STOP >< wR ITE CYCLE ——————“&- START > 
CONDITION CONDITION 
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Figure 6. I?C Bus Protocol 


“— START >: 
CONDITION 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 


Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same ’row’ in the 
memory: that is the 4 most significant Byte Address 
bits (A7-A4) are the same. The master sends from 
one up to 16 bytes of data, which are each acknow- 
ledged by the memory. After each byte is trans- 
fered, the internal byte address counter (4 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con- 
dition. Care must be taken to avoid address counter 


M¢- SDA SDA > 
INPUT CHANGE 


‘¢- STOP >: 
CONDITION 


STOP 
CONDITION 
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roll-over’ which could result in data being overwrit- 
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis- 
abled until the completion of this cycle and the 
memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. 
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The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
7). 

— Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 


Figure 7. Write Cycle Polling using ACK 
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Read Operations 


Read operations are independent of the state of the 
WC pin. On delivery, the memory content is set at 
all "1’s" (or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the R/W 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Proceed 
Next Instruction 


ISSUE the 
Second Part of 
the Instruction 
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Figure 8. Write Modes Sequence 


BYTE WRITE 


PAGE WRITE 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the R/W bit set to 1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 


ACK ACK 


[eso] [ore 


ACK ACK 


| | | se 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
a 
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quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25164 waits for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25164 termi- 
nates the data transfer and switches to a standby 
state. 
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Figure 9. Write Modes Sequence with Write Control = 1 


BYTE WRITE DATA IN 


PAGE WRITE 


WC (cont'd) 


NO ACK NO ACK 


PAGE WRITE DATA IN N 
(cont'd) 
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Figure 10. Read Modes Sequence 


ACK NO ACK 


CURRENT | 
ADDRESS DEVSEL || | DATA OUT 
READ | 


NO ACK 


RANDOM 
ADDRESS i DEV SEL * DATA OUT 
READ 


ACK ACK ACK NO ACK 


SEQUENTIAL | |oa-- er] 
READ | Pee, ee 
= ou 
RW 


ACK ACK A 

SEQUENTIAL | | 

RANDOM DEVSEL*|, | BYTE ADDR i DEV SEL * 

READ | 
— KE 


R/W R/W 


ACK NO ACK 


Emon LD 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical 
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ORDERING INFORMATION SCHEME 


Example: 9124164 M 1 TR 


Operating Voltage Temperature Range 


24 4.5V to 5.5V B  PSDIP8 1 Oto 70°C TR Tape & Reel 
25 «62.5V to 5.5V O2omm. Frame 3* -40to 125°C Packing 
M S08 


6 -40 to 85°C 


Note: 3 * Temperature range on special request only. 


Parts are shipped with the memory content set at all '"1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


a 
Se a 
eh ef | ae 
Se 
SS 
a 


PSDIP-a 


Drawing is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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DUAL MODE SERIAL ACCESS 1K (128 x 8) EEPROM 


» 1 MILLION ERASE/WRITE CYCLES 
ep 40 YEARS DATA RETENTION 
# 2.5V to 5.5V SINGLE SUPPLY VOLTAGE 


» 400k Hz COMPATIBILITY OVER the FULL 
RANGE of SUPPLY VOLTAGE 


=» TWO WIRE SERIAL INTERFACE I*C BUS 
COMPATIBLE 


= PAGE WRITE (up to 8 BYTES) 


» BYTE, RANDOM and SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


a ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24LC21 is a 1K bit electrically erasable 
programmable memory (EEPROM), organized by 
§ bits. This device can operate in two modes: Trans- 
mit Only mode and |?C bidirectional mode. When 
powered, the device is in Transmit Only mode with 
EEPROM data clocked out from the rising edge of 
the signal applied on VCLK. 


The device will switch to the I@C bidirectional mode 
upon the falling edge of the signal applied on SCL 
pin. The ST24LC21 cannot switch from the I@C 
bidirectional mode to the Transmit Only mode (ex- 
cept when the power supply is removed). The 
device operates with a power supply value as low 
as 2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 


Table 1. Signal Names 


SDA Serial Data Address Input/Output 


SCL Serial Clock (I?C mode) 
Vec 


Supply Voltage 


Ground 


Clock Transmit only mode 


February 1995 


PRODUCT PREVIEW 


“\ 


= 
Nar 
8 mw 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24LC21 
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Figure 2A. DIP Pin Connections Figure 2B. SO Pin Connections 


ST24LC21 ST24LC21 
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Warning: NC = No Connection Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings “) 


Symbol Parameter 


Ta Ambient Operating Temperature grade 1 Oto 70 . 
grade 6 —40 to 85 


C 
Storage Temperature 
Lead Temperature, Soldering (SO8 package) 40 sec 
(PSDIP8 package) 10sec 260 
Veo 
Electrostatic Discharge Voltage (Human Body model) 
Electrostatic Discharge Voltage (Machine model) ©) 


Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 2). 
3. EIAJ IC-121 (Condition C) (200pF, 0 2) 


Table 3. Device Select Code 


es 
a 
foonesnea | + |e | 1 |» | x | x [| x 


Note: The MSB b7 is sent first. 
X=Oor1. 


RW 
| bo 
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Figure 3. Transmit Only Mode Waveforms 
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Table 4. Operating Modes 


| Mode | RWit | Bytes, | nti Sequence 
Rieter eee ee START, Device Select, RW = '0', Address, 

in a ae a oor 
a a 
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Figure 4. Transition Mode Waveforms 


Transmit Only Mode 


Transmit Only Mode 


After a Power-up, the device is in the Transmit Only 
mode. A proper initialization sequence must supply 
nine clock pulses on the VCLK pin (in order to 
internally synchronize the device). During this in- 
itialization sequence, the SDA pin is in high imped- 
ance. On the rising edge of the tenth pulse applied 
on VCLK pin, the device will output the first bit of 
byte located at address 00h (most significant bit 
first). 

A byte is clocked out (on SDA pin) with nine clock 
pulses on VCLK: 8 clock pulses for the data byte 
and one extra clock pulse for a Don’t Care bit. 


As long as the SCL pin is held high, each byte of te 
memory aray is transmitted serially on SDA pin with 
an automatic address increment. 


When the last byte is transmitted, the address 
counter will roll back to location OOh. 


I?C Bidirectional Mode 


The device can be switched from Transmit Only 
mode to I?C Bidirectional mode by applying a valid 
high to low transition on the SCL pin (see Figure 4). 


When the device is in the I2C Bidirectional mode, 
the VCLK input enables (or inhibit) the execution of 
any write instruction: if VOLK = 1, write instructions 
are executed; if VCLK write instructions are not 
executed. 


The device is compatible with the I2C standard, two 
wire serial interface which uses a bi-directional data 


Bi-Directional Mode 
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bus and serial clock. The device carries a built-in 4 
bit, unique device identification code (1010) corre- 
sponding to the IC bus definition. 


The device behaves as a slave device in the I2C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
read/write bit and terminated by an acknowledge 
bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 
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SIGNAL DESCRIPTIONS 


I?C Serial Clock (SCL). The SCL input pin is used 
to synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 5). 


Transmit Only Clock (VCLK). The VCLK input pin 
is used to synchronize data out when the 
ST24LC21 is in Transmit Only mode. The VCLK 
input offers also a Write Enable (active high) func- 
tion when the ST24LC21 is in I?C bidirectional 
mode. 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (See Figure 5). 


DEVICE OPERATION 
I?C Bus Background 


The ST24LC21 support the I2C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as areceiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
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transfer and will provide the serial clock for syn- 
chronisation. The ST24LC21 are always slave de- 
vices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24LC21 con- 
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 


Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24LC21 and 
the bus master. ASTOP condition at the end of a 
Read command forces the standby state. ASTOP 
condition at the end of a Write command triggers 
the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 

is used to indicate a successfull data transfer. The 

bus transmitter, either master or slave, will release 

the SDA bus after sending 8 bits of data. During the 

9th clock pulse period the receiver pulls the SDA 

a low to acknowledge the receipt of the 8 bits of 
ata. 


Figure 5. Maximum Ri Value versus Bus Capacitance (Csus) for an I2C Bus, fe = 400kHz 


Cpus (PF) 
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Table 5. Input Parameters ) (Ta = 25 °C, f = 100 kHz 


) 
an 


Low-pass filter input time constant 
(SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 6. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 2.5V to 5.5V) 


symbol Test Condition 
Input Leakage Current OV < Vins Vcc 


Vcc = 5V, fo = 400kHz 
i eee ee 
V 


Supply Current Vcc = 2.5V, fc = 400kHz 


Vin = Vss Or Vcc, 
Vec =5 
Supply Current (Standby) 
Vin = Vss or Vcc, 


Vin = Vss or Voc, 
Supply Current (Standby) Vec = 2.5V 
Vin = Vss or Voc, 
Vec = 2.5V, fc = 400KHz 


Vit Input Low Voltage (VCLK) = es uM 
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Table 7. AC Characteristics, °C Bidirectional Mode 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 2.5V to 5.5V) 


ao 


Notes: 1. Sampled only, not 100% tested. 
2. For areSTART condition, or following a write cycle. 


Table 8. AC Characteristics, Transmit-only Mode 
(Ta = 0 to 70 °C or -40 to 85 °C; Vcc = 2.5V to 5.5V) 


Parameter 


tvcHVCL VCLK High Time 


tVLOW | VCLK Low Time 


tcLaz 


tvpu ) 


Note: 1. Refer to Figure 3. 


Transmit-only Power-up Time 
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Figure 6. AC Waveforms 
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“STARTS: M¢- SDA ~<- SDA > “4- STOP & >: 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


S¢— STOP —> = WRITE CYCLE ————————_“—_ START > 
CONDITION CONDITION 


tVCHVCL : tVCLVCH 


tVCHQX 
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AC MEASUREMENT CONDITIONS Figure 7. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages SDA, SCL 0.2Vcc to 0.8Vcc 

Input Pulse Voltages Vc.k 0.4V to 2V 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc aanese 


Figure 8. I2C Bus Protocol 


“¢— START M- SDAP SDA > i- STOP >: 
CONDITION INPUT CHANGE CONDITION 


STOP 
CONDITION 
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Figure 9. Write Cycle Polling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Operation is 


READ or 
WRITE 


Proceed 
Next Instruction 


Data Input. During data input the ST24LC21 sam- 
ple the SDA bus signal on the rising edge of the 
clock SCL. Note that for correct device operation 
the SDA signal must be stable during the clock low 
to high transition and the data must change ONLY 
when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24LC21, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the device select code 
(7 bits) and a READ or WRITE bit. The 4 most 
significant bits of the device select code are the 
device type identifier, corresponding to the I?C bus 
definition. For these memories the 4 bits are fixed 
as 1010b. The following 3 bits are Don’t Care. The 
8th bit sent is the read or write bit (RW), this bit is 
set to 1’ for read and ’0’ for write operations. If a 
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ISSUE the 
Second Part of 
the Instruction 
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match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
memory acknowledges this and waits for a byte 
address. After receipt of the byte address the de- 
vice again responds with an acknowledge. 


In I?C bidirectional mode, any write command with 
VCLK = 0 will not modify data and will be acknow- 
ledged on data bytes, as shown in Figure 11. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 


SON 
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Figure 10. Write Modes Sequence 
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JL 


BYTE WRITE 


MULTIBYTE 


ACK ACK 


| | | 2 
AND DEV SEL BYTE ADDR DATA IN 1 DATA IN 2 
PAGE WRITE ~t 


“7 | 
pel beset 


Page Write. The Page Write mode allows up to 8 
bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the most significant memory ad- 
dress bits are the same. The master sends from 
one up to 8 bytes of data, which are each acknow- 
ledged by the memory. After each byte is trans- 
fered, the internal byte address counter (3 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con- 
dition. Care must be taken to avoid address counter 
roll-over’ which could result in data being overwrit- 
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis- 
abled until the completion of this cycle and the 
memory will not respond to any request. 


Minimizing System Delays by Polling On ACK. 


During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 
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from the internal latches to the memory cells. The 
maximum value of the write time (tW) is given in 
the AC Characteristics table, since the typical time 
is shorter, the time seen by the system may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 
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Figure 11. Inhibited Write when Vc.Lk = 0 


i ae eee nEaeS: 


CONTROL 
t— BYTE > 


BYTE WRITE 


ACK 


CONTROL 
¢— BYTE —> 


PAGE WRITE i 


ACK 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


Random Address Read. A dummy write is per- 
formed to load the address into the address 
counter, see Figure 12. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to ’1’. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 


ACK 


7] froconooe| [aan TT 


ACK 


ACK ACK 
Dea a cccto ssh SCO Pescoeed Rescoeeal 
Jd. 
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the byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will ’roll- over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24LC21 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the St24LC21 terminate the 
data transfer and switches to a standby state. 
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Figure 12. Read Modes Sequence 


ACK NO ACK 
CURRENT 


ADDRESS DEV SEL DATA OUT 
READ | 


RANDOM 


ADDRESS f DEV SEL * 
READ 


ACK ACK NO ACK 
SEQUENTIAL 


CURRENT fi DEV SEL DATA OUT 1 DATA OUT N i 
READ | 


RW 


SEQUENTIAL 
RANDOM 
READ 


RW RW 


ACK NO ACK 


xref 
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Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (ist byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: ST24LC21 M 1 TR 


Temperature Range] | Option 


B PSDIP8 1 Oto 70°C TR Tape & Reel 
0.25mm Frame 6 -40t085°C Packing 
M S08 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SECURE SERIAL ACCESS 


I°C BUS 8K (1K x 8) and 16K (2K x 8) EEPROM 


= SECRET KEYS READ and WRITE 
PROTECTED EEPROM 


=» SINGLE SUPPLY VOLTAGE: 

— 4.5V to 5.5V for ST24Sxx versions 

— 2.5V to 5.5V for ST25Sxx versions 
#» HARDWARE WRITE CONTROL 
PROGRAMMABLE WRITE PROTECTION 


TWO WIRE SERIAL INTERFACE, FULLY I?C 
BUS COMPATIBLE 


» PAGE WRITE (up to 32 BYTES) 


BYTE, RANDOM and SEQUENTIAL READ 
MODES 


# SELF TIMED PROGRAMMING CYCLE 
® AUTOMATIC ADDRESS INCREMENTING 


# ENHANCED ESD/LATCH UP 
PERFORMANCES 


DESCRIPTION 


The ST24/25S08 and ST24/25S16 are secure se- 
rial access IC bus EEPROMs of 8K and 16K bits 
density. A security mechanism using two alterna- 
tive secret keys (known as the Issuer and User 
keys) control access to the memory array. When a 
correct key is recognised by the device, the mem- 
ory array may be read or written. Additional write 
protection is provided by the Software Write Pro- 
tection (SWP), which can inhibit writing to a part of 
the memory array. In the following text, the 
$7124/25S08 and ST24/25S16 products are re- 
ferred to as ST24/25Sxx, where "xx" is the 
EEPROM size (8 Kbit or 16 Kbit). 


Table 1. Signal Names 


March 1995 


PRODUCT PREVIEW 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24Sxx 


ST25Sxx 
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Figure 2A. DIP Pin Connections 


ST24Sxx 
ST25Sxx 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings “ 


Ambient Operating Temperature 


Storage Temperature 


Parameter 


Input or Output Voltages 


3106. 

Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 4000 V 

_ ge Volags (Human Body md Tv 

Electrostatic Discharge Voltage (Machine model) (3) 


Figure 2B. SO Pin Connections 


ST24Sxx 
ST25Sxx 


grade 1 
grade 6 


—0.3 to 6.5 


Notes: 1. Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 


relevant quality documents. 
2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 2). 


The memories are compatible with the I@C stand- 
ard, two wire serial interface which uses a bi-direc- 
tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1010) corresponding to the I@C bus defini- 
tion. 


The memories behave as a slave device in the I&C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 1010), plus one 
read/write bit and terminated by an acknowledge 
bit. 


When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 


bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


Power On Reset: Vcc lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vcc 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vcc drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vcc 
must be applied before applying any logic signal. 
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Table 3. Device Select Code “) 


ee 
fe we Ts Dm Ps | me | | 
Poeicessea | 1 [0 [1 | 0 [ao® | as | as | aw 


Notes: 1. The MSB b7 is sent first. 
2. Ai0 is a "don't care” bit for the ST24S08. 


Table 4. Operating Modes 


[woe (| non | —seyes—«dYS~SOSCS*Cs sequence 

——| + arr, 
feyewiie | dt «(STAR Devo Sock = 
a 


Random Address Read 


Figure 3. Maximum RL Value versus Bus Capacitance (Cpus) for an IC Bus 


CC 
aR 
a 
Pa ht Ty 
TT RELL 
ee 


Ri max (kQ) 


200 


Cpus (PF) Al01100 
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SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vcc 
to act as a pull up (see Figure 3). 


Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up (see Figure 3). 


Protect Enable (PRE). The PRE input pin, in ad- 
dition to the status of the SWP page pointer, sets 
the SWP write protection active. 

Write Control (WC). An hardware Write Control 
(WC) feature is usefull to protect the contents of the 
memory from any erroneous erase/write cycle. The 
Write Control signal is used to enable (WC = Vin) 
or disable (WC = Vi) the internal write protection. 
When unconnected the WC input ts internally read 
as VIL. 


GLOSSARY 
Master: Microcontroller or Microprocessor control- 
ling the application. 


Key: string of bytes presented by the Master to a 
Lock address. 


Lock: string of bytes stored in the ST24/25Sxx. The 
Lock can never be read, it may be modified under 
specific conditions. 


SECURITY FUNCTIONALITIES 
Memory Map 


The memory array is organised by bytes (one 

byte=8 bits) and is divided into 3 parts. 

— At the bottom of the memory is the page 0 
containing a first byte (address 00h) defined as 
the page pointer of the Software Write Protec- 
tion; and the 31 remaining bytes holding the 248 
bit Issuer Lock (address 01h to 1Fh) 

— The data storage area occupies the largest part 
of the memory array, from page 1 to page N-1 

— A top page N for the User Lock of 256 bits is 
located at the top of the address space (N=31 
for the ST24S08 and N=63 for the ST24S16). 
See Figure 4. 


Memory Access 


Access to the various parts of the memory array is 
controlled and depends on the setting of three 
parameters: the Security Flag, the SWP status and 
the WC pin. 


Figure 4. Memory Map 


Unprotected 
Area 


SWP 
Protected 
Area 


Page 
feces 32 bytes 2s 
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Security Flag. When the Security Flag is set to ’1’ 
(default status at power up) the memory is locked. 
In this condition, only the Issuer Key or User Key 
can be presented to the memory (the Read and 
Write instructions cannot be executed). 


When the Security Flag is ’0’, the memory is un- 
locked. In this condition, all data can be modified 
(assuming that WC pin is driven low and that these 
data are not protected by the SWP feature). The 
Security Flag feature is a global write protection, 
automatically set upon Power-up. 


SWP. The Software Write Protection (SWP) is a 
programmable protection available for dis- 
abling/enabling the execution of the Write instruc- 
tions addressing the lower part of the memory. The 
SWP is active when the Most Significant Bit of the 
page Pointer is set to 0, and the protected area is 
located from Page 0 up to the Page defined by the 
content of the Page Pointer (located in Page 0, byte 
00h). See Figure 4. 


Since the Page Pointer and the Issuer Lock are 
located in the bottom of the memory, they may be 
protected from writing by this mechanism. 


The SWP feature is a software defined write pro- 
tection set once for ever. 


WC pin. THe WC (Write Control) pin inhibits (WC 
= 1) or enable (WC = 0) any Write instruction 
execution, whateever is the address. The WC fea- 
ture is a global software lock. 
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Figure 5. Access Map 


User Lock Present only Write only Write only 


Unprotected 
Area 


Access 
is 
Locked 
SWP 
Protected 
Area 


Issuer Lock Present only Write only Present only 


Security Flag = 1 Security Flag = 0 Security Flag = 0 
SWP = Don't care SWP = Not active SWP = Active 
WC = Don't care WC = Not active WC = Not active 


User Lock Access ts Locked Access is Locked 


Access 
is 
Locked 


Issuer Lock Access is Locked Access is Locked 


Security Flag = 1 Security Flag = 0 
SWP = Don't care SWP = Don't care 


WC = Active WC = Active 
Al01579 


Table 5. Security Operating Instructions 
Security Flag = 1“ Security Flag = 0 
SWP Enabled or Disabled SWP Disabled 
Current Address Read No Access (Data read = FFh) Read all the memory except Issuer Lock 
7 and User Lock 
) 


Sequential Read No Access (Data read = FFh Similar to the Current Address Read 
Random Read No Access (Data read = FFh) Similar to the Current Address Read 


: Not executed except for Issuer and User (3) 
rege WING Locks: Present instruction Page Weile-1o memory 


Notes: 1. Security Flag = 1: access is locked 
2. Security Flag = 0: access is open 
3. When WC = 0 
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Security Operations 


Present a Key. The memory always acts as a 
Slave on the I?C bus. In order to unlock the 
ST24Sxx, the Master must send the correct key to 
the Issuer Lock address or the User Lock address. 
This operation is performed with a Page Write 
instruction to the address of either the Issuer Lock 
or User Lock. This action is called Present a key. 


The memory will take the incoming code and: 


— at User Lock address: compare serially bit-by-bit 
the received User Key with the stored User Lock. 
User Lock accepts only one User Key which 
unlocks access to the memory 


— atlssuer Lock address: make an XOR of two bits 
for each received byte according to the value 
stored in the Issuer Lock. Issuer Lock accepts 
several Issuer Keys which unlock access to the 
memory 


Figure 6. Presentation of the Issuer Key 


Presented Issuer 
Key (one byte) 


xT xt |x] x} xfolx! 


0 = byte is OK 
1 = byte is wrong 


Al01580 


If either one of the presentation is correct, then the 
security flag is cleared to ’0’ and the data area can 
be accessed for reading or writing. Any incorrect 
key presented will set back the Security Flag to ‘1’ 
whatever is the status of WC and SWP; the mem- 
ory will be locked. 


Modify a Key. When the Security Flag is ’0’ 
(unlocked) and both SWP and WC are not active 
so that the memory is unprotected, the Issuer Lock 
or User Lock can be directly re-written. 


— When the SWP is active, the Issuer Lock cannot 
be modified 


— Since the User Lock is located at the top of the 
memory, the User Lock can be re-written by the 
user, assuming that the SWP is not protecting 
the whole memory, that is excluding the top page 
(where the User Lock is stored). 


Personalisation of the ST24/25Sxx 


Initial Conditions and Preliminary Remarks. 

When delivered, the memories have all the con- 

tents set to FFh (or ’1’s) and the Security Flag set 

to 1’ (upon reset). 

— One page is 32 bytes 

— A WRITE instruction (according to the I?C bus 
protocol) is decoded by the ST24/25Sxx either 
as a Present a Key or Write instruction, depend- 
ing on the status of the Security Flag. 


— The Lockis a string of bytes stored into one page 
of the memory, the Key is the string of bytes 
presented to the memory. 


The issuer defines the Issuer Lock. 


Step one: Unlock the blank ST24/25Sxx. The 
Master sends at User Lock address the User Key 
value of all ’1’s (Page Write FF...FFh), which corre- 
sponds to the User Lock. The Security Flag will be 
cleared to 0’ and the memory will then be unlocked. 


Step two: Write the Issuer Lock new value. The 
required Issuer Lock can be written provided that 
both SWP and WC features are disabled. The 
Issuer Lock is written with a Page Write instruction 
to the Issuer Lock address, each of the 31 bytes 
having exactly two bits set to '1’ (and the other 6 
bits cleared to ’0’). The Issuer Lock bits set to ’1’ 
will define the position of the two inputs of an XOR 


Table 6. Presentation or Modification of the Issuer Key 


Securit 
Flag " 


Not active 


Key Wrong: Security Flag set to ‘1’ 
22 em Present a Key Key Right: Security Flag set to ’0’ 


Page Write © Write new Issuer Lock 


K 
em [ee Issuer Key Present a Key 


Key Wrong: Security Flag set to '1’. 
Key gua Security Flag set to ’0’. 


Notes: 1. Security Flag = 1: ST24S/25xx is locked, Security Flag = 0: ST24/25Sxx is open. 


2. Page of 31 bytes 
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gate capturing only two bits by byte from the pre- 
sented bytes of the Issuer Key. 


Note: The Vcc supply must not be interrupted 
between these first and second steps as this would 
set the Security Flag once more to ’1’ and lock 
access to the memory. 


The Issuer Writes Application Data into the 
Memory. When the Security Flag is reset, data are 
writen by using a series of normal Byte Write or 
Page Write instructions addressing the Data Space 
of the ST24/25Sxx. 


The Issuer Sets the Protection. The SWP Pro- 
tection is set by programming the Page Pointer 
(byte O of page 00) to define the start address of 
the Software Write Protection SWP (see figure a). 
The SWP protection is enabled when the Most 
Significant Bit of the Page Pointer is set to 0. 


Typical Use of ST24/25Sxx in Secured Applica- 
tion 

The Application Presents the Issuer Key. When 
powered, the application should check (from time 
to time) the authentication of identity of the 
ST24/25Sxx by presenting the Issuer Key. The 
Master presents (at Issuer Lock address) an Issuer 
Key chosen in the family of active keys unlocking 
the ST24/25Sxx. The family of active keys is the 
set of bytes which have two bits set to either (0,1) 
or (1,0) in the correct position of the byte; other bits 
are Don’t Care bits (as shown in figure c). 


If the presented Issuer Key matches the Issuer 
Lock, the Master can access data stored in the 
ST24/25Sxx. 
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Figure 7. Definition of the Issuer Key 


Issuer Lock (one byte) 


Presented Issuer 
Key (one byte) 


xt x1 |x} x] xfo [x] 


0 = byte is OK 
1 = byte is wrong 
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Write the User Lock. It is very convenient for the 
end user of a secured application to define his own 
value of User Key. The User Lock may be written if 
the SWP does not protect the top page (Top Page 
=User Lock) with the Security Flag cleared to ’0’ 
(which can be achieved if the Master has been 
previously presenting a correct Issuer Key). The 
User Lock is written with a Page Write instruction 
at the User Lock address. 


If the power supply is removed, the memory will 
only be accessible if the correct User Key or Issuer 
Key is presented to the User Lock or Issuer Lock 
address respectively. During use, the User Lock 
which is outside the SWP protected area can be 
updated, but the Issuer Lock remains fixed. 


Table 7. Presentation or Modification of the User Key 


User | UserLock | 


Key Wrong: Security Flag set to ’1’ 


| Page Write | Write 


Write new User Lock 


ed If SWP Is active, the protection must not cover the top page (User Lock). 
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Table 8. Input Parameters ™) (Ta = 25 °C, f = 100 kHz ) 


Input Capacitance (SDA) 
Input Capacitance (other pins) 
WC Input Impedance Vin < 0.3 Voc 


WC Input Impedance Vin 20.7 Vec 


' Low-pass filter input time constant 
ai (SDA and SCL) 


Note: 1. Sampled only, not 100% tested. 


Table 9. DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


Input Leakage Current OV < Vins Voc a +2 


OV < Vout < Vcc 

Output Leakage Current SDA in Hi-Z 
, Vec = 5V, fo = 100kKHz 

Supply Current (ST24 series) (Rise/Fall time < 10ns) 


Supply Current (ST25 series) Voc = 2.5V, fc = 100kHz 


Vin = Vss Or Vec, 
Vcc = 5V 


Supply Current (Standby) 
(ST24 series) 


Vin = Vss or Vcc, 
Vcc = 5V, fe = 100kKHz 


vos | | 50 | wk 
[ve [nputtow vege Saigo | «das | ee | 
[va [patton voage Pree) | ————S~d—C as os 
ve [puttin tape me.) | ———SSS~d ee 08 | oo | 

out ow Vote Stes sores) | ta =2maveo<esv | [0a |v 


Supply Current (Standby) 
(ST25 series) 
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Table 10. AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 4.5V to 5.5V or 2.5V to 5.5V) 


[symbot [at [Sarat «Sin ex | Ut 
tence | te [Ooarisotme ——SSC~iSC 
[teoa | -[Oockrartime ——SSSCS~SCSC~*é‘“SCi Ss 
a A 
| torr | te | nputraitime =| | 00 | 
| tonox | tsusra | OlockHigh toinput Transition |? | |_| 
| tov | tics Clock Pulsewiethigh | 
[toe | tos | iputow wo Gockiowisramy Sie | 
[tex | oom | Grek Low toimputtianson Si | 
Tacs | tow [GockPuse wanton «da | 
toe | tevom | rputTiansiion  Georansion «| aso | ine 
a a 
| tow. | tour __| InputHigh to nputLow (us Free) | 47 | | ts 
aa a eee ae) 
ee ee ee 

| fs | Clock Frequency | Tt |e 
ata 

SCL & SDA Inputs 


Note: 1 For areSTART condition, or [ae a write cycle. 


AC MEASUREMENT CONDITIONS DEVICE OPERATION 
I?C Bus Background 
Input Rise and Fall Times < 50ns 
The ST24/25Sxx support the I?C protocol. This 
Input Pulse Voltages 0.2Vcc to 0.8Vcc protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc the data as a receiver. The device that controls the 


data transfer is known as the master and the other 

as the slave. The master will always initiate a data 

transfer and will provide the serial clock for syn- 
Figure 8. AC Testing Input Output Waveforms chronisation. The ST24/25Sxx are always slave 
devices in all communications. 


Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. ASTART condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25Sxx con- 
Aloos25 tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 
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Figure 9. AC Waveforms 


tCHDX 


: tCLDX 


M¢START> 
CONDITION 


SDA OUT 


M- SDA P< SDA > 
INPUT CHANGE 


‘STOP & >: 
BUS FREE 


¢— STOP >< WRITE CYCLE ————————_ START 


CONDITION 


Stop Condition. STOP is identified by alow to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi- 
nates communication between the ST24/25Sxx 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 


Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 


CONDITION 
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Data Input. During data input the ST24/25Sxx 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera- 
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 


Memory Addressing. To start communication be- 
tween the bus master and the slave ST24/25Sxx, 
the master must initiate a START condition. Follow- 
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
l°C bus definition. For these memories the 4 bits 
are fixed as 1010b. 
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Figure 10. I?C Bus Protocol 


“— START 
CONDITION 


The 5th, 6th and 7th bits are the address most 
significants bits. The 8th bit is the read or write bit 
(RW), this bit is set to '1’ for read and ‘0’ for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 
SDA bus during the 9th bit time. 


Write Operations 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to one block of 256 bytes of the memory. After 


“- SDA-P- SDA > 
INPUT CHANGE 
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“¢- STOP > 
CONDITION 


STOP 
CONDITION 
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receipt of the byte address the device again re- 
sponds with an acknowledge. 


For the ST24/25Sxx versions, any write command 
with WC = 1 will not modify the memory content. 


Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either Viy 
or Vi_, to minimize the standby current. 
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Figure 11. Write Cycle Polling using ACK 


WRITE Cycle 
in Progress 
START Condition 


DEVICE SELECT 
with RW = 0 


Operation is 


READ or 
WRITE 


Proceed 
Next Instruction 


Page Write. The Page Write mode allows up to 32 
bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same inside one block. 
The master sends from one up to 32 bytes of data, 
which are each acknowledged by the memory. 
After each byte is transfered, the internal byte 
address counter (5 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating aSTOP condition. Care must be 
taken to avoid address counter ‘roll-over’ which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro- 
gram cycle. Allinputs are disabled until the comple- 
tion of this cycle and the memory will not respond 
to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon- 
nects itself from the bus in order to copy the data 


ISSUE the 
Second Part of 
the Instruction 
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from the interna! latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re- 
duced by an ACK polling sequence issued by the 
master. 


The sequence is as follows: 


— Initial condition: a Write is in progress (see Figure 
11). 


— Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 


— Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 
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Figure 12. Write Modes Sequence with Write Control = 1 


es ee 


ACK NO ACK 


DEV SEL BYTE ADDR DATA IN 


BYTE WRITE 


PAGE WRITE 


WC (cont'd) 


NO ACK 


PAGE WRITE 
(cont'd) 


Read Operations 


On delivery, the memory content is set at all "1’s" 
(or FFh). 


Current Address Read. The memory has an inter- 
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad- 
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to ‘1’. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out- 
put, but terminates the transfer with a STOP con- 
dition. 


ACK NO ACK 


| | . 
DEV SEL BYTE ADDR | | DATAIN 1 DATA IN 2 
oL 


R/W 


NO ACK 


a 
DATA IN N i 
-J 


Al01161 


Random Address Read. A dummy write is per- 
formed to load the address into the address counter 
(see Figure 11). This is followed by another START 
condition from the master and the byte address is 
repeated with the RW bit set to °1’. The memory 
acknowledges this and outputs the byte ad- 
dressed. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se- 
quence. To terminate the stream of bytes, the 
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DEVICE OPERATION (cont'd) 


master must NOT acknowledge the last byte out- 
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat- 
ically incremented after each byte output. After a 
count of the last memory address, the address 


Figure 13. Read Modes Sequence 


ACK 


CURRENT 
ADDRESS 


counter will roll-over’ and the memory will continue 
to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24/25Sxx wait for an acknowledge during 
the Sth bit time. If the master does not pull the SDA 
line low during this time, the ST24/25Sxx terminate 
the data transfer and switches to a standby state. 


NO ACK 


reese LLeaaoer 
READ | 


RANDOM 
ADDRESS 


NO ACK 


DEV SEL * BYTE ADDR i DEV SEL * DATA OUT | 
READ 


SEQUENTIAL 
CURRENT 


} DEV SEL SEL DATA DATA OUT 1 1 
READ 


SEQUENTIAL 


RANDOM 


a NO ACK 


fea OUT N i 


‘I. NO ACK 


DATA OUT N f 


a 
DEV SEL * BYTE ADDR [ DEV SEL * DATA OUT 1 
READ 


Al00794C 


Note: * The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 3rd byte) must be identical. 
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ORDERING INFORMATION SCHEME 


Example: S124S08 M 1 TR 
Operating Voltage 
24 4.5V to 5.5V TR Tape & Reel 
25 2.5V to 5.5V Packing 
| Size Temperature Range 
S Secure 08 8 Kbit B PSDIP8 1 0to70°C 
16 16 Kbit Sco UMEtene 3* -40 to 125°C 
M SO8 


6 -40 to 85°C 


Note: 3* Temperature range on special request only. 


Parts are shipped with the memory content set at all "1’s" (FFh). 


For a list of available options (Operating Voltage, Range, Package, etc...) refer to the current Memory 
Shortform catalogue. 


For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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PSDIP8 - 8 pin Plastic Skinny DIP, 0.25mm lead frame 


PSDIP8 


PSDIP-a 


Drawing Is out of scale 
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S08 - 8 lead Plastic Small Outline, 150 mils body width 


Drawing is out of scale 
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SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Tory, 4 

Tel. (45-44) 94.85 33 
Telex: 35411 

Telefax: (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Ratakatu, 26 

Tel. (358-12) 3155 11 
Telefax (358-12) 3155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallieni - BP 93 
Tel.. (33-1) 47.40 75 75 
Telex: 632570 STMHQ 
Telefax: (33-1) 47 40.79.10 


67000 STRASBOURG 
20, Place des Halles 

Tel. (33-88) 75 50 66 
Telefax: (33-88) 22 29.32 


GERMANY 


85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel.: (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 


30695 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511) 615960-3 
Teletex: 5118418 CSFBEH 
Telefax: (49-511) 6151243 


90491 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel : (49-911) 59893-0 
Telefax (49-911) 5980701 


70499 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel (49-711) 13968-0 
Telefax. (49-711) 8661427 


ITALY 


20090 ASSAGO (MI) 

V.le Milanofiori - Strada 4 - Palazzo A/4/A 
Tel (39-2) 57546.1 (10 linee) 

Telex: 330131 - 330141 SGSAGR 
Telefax. (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
Via R Fucirn, 12 

Tel. (89-51) 591914 

Telex. 512442 

Telefax (39-51) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel. (39-6) 8553960 
Telex: 620653 SGSATE | 
Telefax: (39-6) 85354438 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel.: (31-40) 550015 
Telefax. (31-40) 528835 


SPAIN 


08004 BARCELONA 

Calle Gran Via Corts Catalanes, 322 
6" Floor, 2™ Door 

Tel (34-3) 4251800 

Telefax (34-3) 4253674 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex: 46033 TCCEE 
Telefax. (34-1) 4031134 


SWEDEN 


S-16421 KISTA 

Berane egal. A13- Box 1094 
Tel.. (46-8) 79369 

Telex 12078 THES 

Telefax: (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel (41-22) 9292929 

Telex’ 415493 STM CH 

Telefax. (41-22) 9292900 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel. (44-1628) 890800 
Telex: 847458 

Telefax: (44-1628) 890391 


BRISTOL - BS12 4SQ 
Almonasbury 

1000 Aztec West 

Tel : (44-1454) 616616 
Telex: 444723 

Telefax (44-1454) 617910 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R Henrique Schaumann 286-CJ33 
Tel (55-11) 883-5455 

Telex. (891)11-37988 “UMBR BR” 
Telefax (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Drive Suite 307 
Tel (613) 829-9944 

Telefax (613) 829-8996 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 

Lincoln, MA 01773 

Tel (617) 259-0300 

Telefax (617) 259-4421 


ALABAMA 
Huntsville - Tel (205) 533-5995 
Fax (205) 533-9320 


ARIZONA 
Phoenix - Tel (602) 867-6217 
Fax (602) 867-6200 


CALIFORNIA 

Santa Ana- Tel (714) 957-6018 
Fax (714) 957-328 | 

San Jose - Tel (408) 452-8585 
Fax (452) 1549 

Scotts Valley- Tel (408) 439-2950 
Fax (408) 439-2969 


COLORADO 
Boulder - Tel (303) 449-9000 
Fax (303) 449-9505 


FLORIDA 
Boca Raton- Tel (407) 997-7233 
Fax (407) 997-7554 


GEORGIA 
Norcross - Tel (404) 242-7444 
Fax (404) 368-9439 


ILLINOIS 
Schaumburg - Tel (708) 517-1899 
Fax (708) 517-1899 


INDIANA 

Kokomo - Tel (317) 455-3500 
Fax (317) 455-3400 

Indianapolis - Tel (317) 575-5520 
Fax (317) 575-8211 


MICHIGAN 
Livonia-  Tel.: (313) 953-1700 
Fax: (313) 462-4071 


MINNESOTA 
Bloomington - Tel (612) 944-0098 
Fax (612) 944-0133 


NORTH CAROLINA 
Cary - Tel (919) 469-1311 
Fax (919) 469-4515 


NEW JERSEY 
Voorhees - Tel (609) 772-6222 
Fax (609) 772-6037 


NEW YORK 
Poughkeepsie - Tel.: (914) 454-8813 
Fax: (914) 454-1320 


OREGON 
Lake Oswego - Tel (503) 635-7650 


TENNESSEE 
Knoxville - Tel (615) 524-6239 


TEXAS 

Austin - Tel (512) 502-3020 
Fax (512) 346-6260 

Carrollton - Tel (214) 466-8844 
Fax (214) 466-8130 

Houston- Tel (713) 376-9936 
Fax (713) 376-9948 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville- Tel (215) 361-6400 
Fax (215) 361-1293 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel (61-2) 5803811 

Telefax (61-2) 5806440 


VICTORIA 3168 NOTTING HILL 
11 Business Park Drive 

Tel (61-3) 558 9993 

Telefax (61-3) 558 9997 


CHINA 


SHANGHAI 200233 

1008-10 Astronartics Buiiding 
222 Cao Xi Road 

Tel (021) 472-5415 

Telefax (021) 472-6814 


SHENZHEN 

Flat J, 22/F 

38 Dungmen Nanlu 
Postal N 518-001 

Tel (0755) 228-0035 
Telefax (0755) 228-0035 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel (852) 28615788 

Telex 60955 ESGIES HX 
Telefax (852) 28656589 


INDIA 


NOIDA 201301 

Liaison Cffice 

PlotN 2&3, Sector 16A 
Institutional Area 

Tel (91-11) 893 0965/0970-1-2 
Telefax (91-11) 893 0705/0687 


SALES OFFICES 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 

PJ Industrial Park 

Jalan Kemajuan 12/18 

Tel (03) 758 1189 

Telefax’ (03) 758 1179 


PULAU PINANG 10400 

Ath Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


TAE-GU 

18th Floor Youngnam Tower 
111 Shinchun-3 Dong 
Tong-Ku 

Tel (053) 756-9583 

Telefax (053) 756-4463 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 4821411 

Telex RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPEI 

11th Floor 

105, Section 2 Tun Hua South Read 
Tel (886-2) 755-4111 

Telex 10310 ESGIE TW 

Telefax (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

54 Asoke Road 
Sukhumvit 21 

Tel (662) 260 7870 
Telefax (662) 260 7871 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Bld 4F 
2-18-10 Takanawa 
Minato-Ku 

Te! (81-3) 3280-4121 
Telefax (81-3) 3280-4131 


OSAKA 532 

Shin-Osaka Second Mor! Bldg 
3-5-36 Miyahara Yodogawa-Ku 
Te! (81-0) 6397-4130 

Teiefax (81-0) 6397-4131 


Information furnished 1s believed to be accurate and reliable. However, S@S-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from tts use. No 
license 1s granted by implication or otherwise under any patent or patent rights of S@S-THOMSON Microelectronics Specification mentioned 
in thts publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics 
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Recycled and chlorine free paper 


Recycled and chlorine free paper 
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